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contaminant [ A HH PP HEHE PR EHE L
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! Prior deliverables and some of the tables and figures attached to this document may use the ters
RM “Chemical of Interest” or “Chemical of Potential Concern”, which as the same meaning as “Contaminant
of Interest” or “Contaminant of Potential Concern”, respectively, and refers to “contaminants” as defined in
42 USC 9601(33).
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TCDD——Mm— tetrachlorodibenzo-p-dioxin
TEF—mM8M8 toxic equivalency factor
TEQ——M toxic equivalent
TZW—m————— transition zone water
u‘L— upper confidence limit

“504 §§f§§ﬂ£ l ‘ I Ziﬂa}f “504 ngggﬁg l ( I or Fﬁaiiimﬂfﬂ
USDA—— United States Department of Agriculture
voC——— volatile organic compound

W west

WHO—M—— World Health Organization
XAD—— XAD-2 Infiltrex" 300 system
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GLOSSARY

Term Definition

bioaccumulation the accumulation of a substance in an organism

bioconcentration the concentration of a chemical in the tissues of an organism divided by the
factor concentration in water

central tendency a measure of the middle or expected value of a dataset

contaminant of  the subset of contaminants” of potential concern with exposure concentrations
concern that exceed EPA target risk levels

Contaminant Of ContaminantQ")’)"7"7")")")")")")’)’)’)’)’)’)"7"7"7"7’)’)’)’)’)’)")’)’)’)’)’)’7’7’7’)’)’)’)’)’)’)’)’)’)’)’)’)””{ Formatted: Superscript

interest detected in the Study Area for all exposure media (i.e., surface water, transition
zone water, sediment, and tissue)

contaminant of  the subset of

potential contaminants2222222222222992929229932222222299939222222299222229 Formatted: Superscript
concern of interest with maximum detected concentrations that are greater than screening
levels
composite an analytical sample created by mixing together two or more individual samples;
sample tissue composite samples are composed of two or more individual organisms,

and sediment composite samples are composed of two or more individual
sediment grab samples

conceptual site  a description of the links and relationships between chemical sources, routes of

model release or transport, exposure pathways, and the human receptors at a site
congener a specific chemical within a group of structurally related chemicals (e.g., PCB
congeners)

human health a process to evaluate the likelihood that adverse effects to human health might
risk assessment  occur or are occurring as a result of exposure to one or more contaminants

dose the quantity of a contaminant taken in or absorbed at any one time, expressed on
a body weight-specific basis; units are generally expressed as mg/kg bw/day

empirical data  data quantified in a laboratory

exposure the part of a risk assessment that characterizes the chemical exposure of a
assessment receptor

2 Prior deliverables and some of the tables and figures attached to this document may use the terms “chemical of

concern”, “chemical of interest”, or “chemical of potential concern”, which has the same meaning as
9

“contaminant of concern”, “contaminant of interest”, or “contaminant of potential concern”, respectively, and
refers to “contaminants” as defined in 42 USC 9601(33).
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Term Definition
exposure physical route by which a contaminant moves from a source to a human receptor
pathway

exposure point

exposure point
concentration

exposure area

hazard quotient

predicted data

reasonable
maximum
exposure

receptor

risk

risk
characterization

slope factor

Study Area

toxic
equivalency
factor

the location or circumstances in which a human receptor is assumed to contact a
contaminant

the value that represents the estimated concentration of a contaminant at the
exposure point

size of the area through which a receptor might come in contact with a
contaminant as determined by human uses

the quotient of the exposure level of a chemical divided by the toxicity value
based on noncarcinogenic effects (i.e., reference dose)

data not quantified in a laboratory but estimated using a model

the maximum exposure reasonably expected to occur in a population

The exposed individual relative to the exposure pathway considered

the likelihood that a specific human receptor experiences a particular adverse
effect from exposure to contaminants from a hazardous waste site; the severity
of risk increases if the severity of the adverse effect increases or if the chance of
the adverse effect occurring increases. Specifically for carcinogenic effects, risk
is estimated as the incremental probability of an individual developing cancer
over a lifetime as a result of exposure to a potential carcinogen. Specifically for
noncarcinogenic (systemic) effects, risk is not expressed as a probability but
rather is evaluated by comparing an exposure level over a period of time to a
reference dose derived for a similar exposure period.

a part of the risk assessment process in which exposure and effects data are
integrated in order to evaluate the likelihood of associated adverse effects

toxicity value for evaluating the probability of an individual developing cancer
from exposure to contaminant levels over a lifetime

the portion of the Lower Willamette River that extends from River Mile 1.9 to
River Mile 11.8

numerical values developed by the World Health Organization that quantify the
toxicity of dioxin, furan, and dioxin-like PCB congeners relative to 2,3,7,8-
tetrachlorodibenzodioxin
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Term

Definition

transition zone
water

uncertainty

upper
confidence limit
on the mean

variability

Pore water associated with the upper layer of the sediment column; may contain
both groundwater and surface water

a component of risk resulting from imperfect knowledge of the degree of hazard
or of its spatial and temporal distribution

a high-end statistical measure of central tendency

a component of risk resulting from true heterogeneity in exposure variables or
responses, such as dose-response differences within a population or differences
in contaminant levels in the environment
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Table ES-1. Ranges of Estimated Cumulative Excess Lifetime Cancer Risks and Hazard Indices for Portland Harbor Human Health Scenarios

RME Scenarios CT Scenarios
Estimated Cancer | Cumulative Hazard | Estimated Cancer | Cumulative Hazard
Risk Index Risk Index
Exposure Scenario Receptor Min Max Min Max Min Max Min Max
Direct Exposure to Beach Sediment Dockside Worker 5.E-07 9.E-05 2.E-03 7.E-02 4.E-08 6.E-06 5.E-04 1.E-02
Transient 1.E-07 6.E-07 4.E-02 1.E-01 8.E-09 4.E-08 6.E-03 1LE-02
Adult Recreational Beach User 3.E-07 4.E:06 8.E-03 3.E-02 2.E-08 2.E-07 2.E-03 6.E-03
Child Recreational Beach User 2.E06 4.E-05 8.E-02 4.E-01 2.E-07 2.E-06 1.E-02 5.E-02
Combined Adult/Child Recreational Beach User 2.E06 5.E05 NA NA 2.E-07 2.E06 NA NA
Tribal Fisher 2.E06 2.E05 2.E-02 8.E-02 1.E-07 2.E06 3.E-03 3.E-02
Low-Frequency Fisher 4.E-07 4.E-06 7.E-03 3.E-02 1.E-08 1.E-07 8.E-04 3.E-02
High-Frequency Fisher 5.E-07 6.E-:06 1.E-02 5.E-02 2.E-08 3.E-07 2.E-03 3.E-02
Breastfeeding Infant 7.E-09 1.E-06 1.E-02 1.E+00 5.E-10 9.E-08 2.E-03 2.E-01
Direct Exposure to Groundwater Seep Transient 3.E-09 3.E-09 6.E-03 6.E-03 4.E-10 4.E-10 1.E-03 1.E-03
Direct Exposure to In-water Sediment Diver in Dry Suit 3.E-08 1.E05 2.E-04 2.E-01 NA NA NA NA
Diver in Wet Suit 9.E-08 3.E05 7.E-04 6.E-01 3.E-09 6.E-07 6.E-05 1.E-02
In-water Worker 7.E-08 2.E-05 1.E-03 1.E+00 5.E-09 4.E-07 2.E-04 6.E-02
Tribal Fisher 1.E-06 3.E04 3.E-03 3.E+00 6.E-08 6.E-06 3.E-04 9.E-02
Low-Frequency Fisher 2.E-07 6.E-:05 1.E-03 1.E+00 5.E-09 4.E-07 9.E-05 2.E-02
High-Frequency Fisher 3.E-07 8.E-05 2.E-03 2.E+00 9.E-09 9.E-07 2.E-04 4.E-02
Breastfeeding Infant 5.E-10 3.E04 7.E-04 5.E+00 4.E-11 3.E06 3.E-04 1.E-01
Direct Exposure to Surface Water Diver in Dry Suit 1.E-08 2.E06 6.E-05 2.E-03 NA NA NA NA
Diver in Wet Suit 1.E-08 1.E05 8.E-05 6.E-03 8.E-10 5.E-07 1.E-05 7.E-04
Transient 6.E-07 7.E-07 4.E-02 4.E-01 7.E-08 1.E-07 1.E-02 8.E-02
Adult Recreational Beach User 2.E-08 2.E-08 1.E-04 1.E-04 2.E-09 2.E-09 3.E-05 3.E-05
Child Recreational Beach User 4.E-08 5.E-08 1.E-03 1.E-03 8.E-09 9.E-09 2.E-04 2.E-04
Combined Adult/Child Recreational Beach User 6.E-08 7.E-08 NA NA 9.E-09 1.E-08 NA NA
Surface Water as Hypothetical Drinking Water Source Domestic User, Adult 6.E-06 3.E04 3.E-02 7.E-01 1.E-06 3.E05 2.E-02 3.E-01
Domestic User, Child 4.E06 7.E04 1.E-01 2.E+00 2.E06 2.E04 5.E-02 8.E-01
Domestic User, Combined Adult/Child 9.E06 9.E04 NA NA 3.E06 2.E04 NA NA
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RME Scenarios

CT Scenarios

Estimated Cancer

Cumulative Hazard

Estimated Cancer

Cumulative Hazard

Risk Index Risk Index
Exposure Scenario Receptor Min Max Min Max Min Max Min Max
Tribal Fish Ingestion Tribal Adult Consumer 2.E-02 2.E-02 46402  4.E+02 5.E-03 5.E03 9.E+01 9.E+01
Multi-Species Diet Tribal Child Consumer 3.E03 3.E03 | 8.E+02 8.E+02 8.E04 8.E04 | 2.E+02 2.E+02
Whole Body Tissue Combined Tribal Adult/Child Consumer 2.E-02 2.E02 NA NA 5.E-03 5.E-03 NA NA
Approximate number of meals per month: 23 Breastfeeding Infant 2.E-02 2.E-02 9.E+03 9.E+03 5.E-03 5.E03 2.E+03 2.E+03
Tribal Fish Ingestion Tribal Adult Consumer 1.E-02 1.E-02 3.E+02 3.E+02 2.E-03 2.E-03 5.E+01 5.E+01
Multi-Species Diet Tribal Child Consumer 2.E03 2.E03 | 6.E+02 6.E+02 4.E04 4E04 | 1.E+02 1.E+02
Fillet Tissue Combined Tribal Adult/Child Consumer 1.E02 1.E02 NA NA 3.E03 3.E03 NA NA
Approximate number of meals per month: 23 Breastfeeding Infant 1.E02 1.E02 8.E+03  8.E+03 2.E03 2.E03 1E+03 1E+03

Fish Ingestion
Single-Species Diet

Adult Consumer

7.E05 6.E02

2.E+00 3.E+03

7.E05 2.E02

2.E+00 1.E03

Child Consumer

3.E05 2.E02

4E+00  5.E+03

3.E05 8.E03

4E+00  2.E+03

Whole Body Tissue Combined Adult/Child Consumer 9.E-05 7.E02 NA NA 8.E-05 2.E02 NA NA

Approximate number of meals per month: 2 - 19 Breastfeeding Infant 8.E-05 7.E02 3.E+01 6.E+04 7.E-05 2.E02 3.E+01 2.E+04
Fish Ingestion Adult Consumer 7.E06 4.E02 5.E-01 2.E+03 7.E06 1.E02 5.E-01 7.E+02
Single-Species Diet Child Consumer 3.E06 1.E02 L.LEH00  4.E+03 3.E06 5.E03 9.E-01 1.E+03
Fillet Tissue Combined Adult/Child Consumer 9.E-06 4.E02 NA NA 8.E-06 2.E02 NA NA

Approximate number of meals per month:2 - 19 Breastfeeding Infant 6.F-06 2 E-02 7E+00  5.F+04 6.E-06 2.E02 7E00 2 F+03
Fish Ingestion Adult Consumer 1.E03 1.E02 8.E+01 6.E+02 4.E-04 3.E03 2.E+01 1.E+02

Multi-Species Diet Child Consumer 6.E-04 5.E-03 1.E+02 1.E+03 1.E04 1.E03 3.E01  3.E+02
Whole Body Tissue Combined Adult/Child Consumer 2.E03 1.E02 NA NA 4.E04 4.E03 NA NA

Approximate number of meals per month: 2 - 19 Breastfeeding Infant 2.E03 1.E02 2E+03  1.E+04 4.E04 4E03 3.Et02 3.E03
Fish Ingestion Adult Consumer 1.E03 9.E03 6.E+01 5.E+02 2.E04 1.E03 9.E+00 7.E+01
Multi-Species Diet Child Consumer 4.E-:04 4.E-03 1.E+02 1.E+03 6.E-05 6.E04 2.E+01 1.E+02
Fillet Tissue Combined Adult/Child Consumer 1.E03 1.E02 NA NA 2.E04 2.E03 NA NA

Approximate number of meals per month: 2 - 19 Breastfeeding Infant 1.E03 1.E02 2.E+03 1.E+04 2.E04 2.E03 2.E+02 2.E+03
Shellfish Ingestion (clam or crayfish) Adult Consumer 9.E-07 7.E04 7.E-02 4 E:01 9.E-07 7.E04 6.E-02 4.E+01
Approximate number of meals per month: 0.4 - 2.5 Breastfeeding Infant 1.E-10 7.E-04 5.E-04 8.E+02 1.E-10 7.E-04 4.E-04 8.E+02

Notes:

Values presented are for exposure areas assessed in the BHHRA that lie within the Study Area.

Bolded cells exceed the EPA target cancer risk level of 1 x 10" or the target hazard index of 1.

Highlighted cells exceed the EPA target cancer risk level of 1 x 10 or the target hazard index of 1.
For tissue ingestion, the RME scenario represents the 95 percent upper confidence limit/maximum exposure point concentration. The CT scenario represents the mean exposure point concentration.
The exposure medium shown for the breastfeeding infant represents the exposure medium for the adult.

Ranges for tissue ingestion include all consumption rates.

NA = Not applicable because a CT scenario was not evaluated or because hazard indices were not calculated for the combined adult/child scenario.

Hazard indices presented are the ranges for cumulative hazard indices per exposure area and exposure scenario. Endpoint-specific hazard indices were calculated for cumulative hazard indices greater than 1.

For tissue ingestion, number of meals per month is calculated based on an 8 ounce serving for adults a 3.4 ounce serving for children.




Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

{Formatted: Font: Times New Roman
/




Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

11



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

Whole Body Fish Tissue Consumption

Total PCBs, Adjusted,
cancer risk= 1.E-02,
B3%

Exposure Scenario

Total PCB TEQ,
cancerrisk= 1.£-03,
10%

Total Dioxin/Furan
TEQ,

cancer risk= 6.E-04,
5%

Other Chemicals,
cancerrisk= 2.6-04,
2%

AdultFisher

Presented; [
Multi-Species Diet

Cumulative Cancer
Risk=1x 10

‘Whole Body Fish Tissue Consumption
142 g/day Ingestion Rate
Study-AreaWide Exposure

Note: Total PCBs, adjustedincludes total PCB congeners
minus dioxin-like PCB congeners. Total PGB TEQ includes
dioxindike PCB congeners. Percentages calculated before
rounding.

Fillet Fish Tissue Consumption

Total PCBs, Adjusted,
cancerrisk=8.E-03,
93%

Exposure Scenario

Total PCB TEQ,
cancerrisk= 3.E-04,
4%

Total Dioxin/Furan
TEQ,
cancerrisk= 2.E-04,

2%

Other Chemicals,
cancer risk= 8.E-05,
1%

Presented;
AdultFisher

Cumulative Cancer

Risk=9 x 10

Multi-Species Diet

Fillet Fish Tissue Consumption
142 gfday Ingestion Rate
Study-Area Wide Exposure

Note: Total PCBs, adjusted indudes total PCB
congeners minus dioxin-like PCB congeners. Total
PCB TEQ includes dioxindike PCB congeners.
Percentages calculated before rounding.
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Figure ES-2—. Example of Differing Relative Contributions to Cumulative Risk by
Analyte For Localized Exposure Areas.

RM CRO1W ot RM 02R001
Total Risk 2 x 10-5 Dioxin/Furan Total Risk 7 x 10-5
TEQ
Allothers Tota! PCBs, 9%

Allothers Total PCBs,
Adjusted
15%

Adjusted
9%

1%

Arsenic,
Inorganic
9%

Figures show relative risks from adult fisher consumption of crayfish tissue at the 95%
percent UCL/Max Exposure Point Concentrations
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Figure ES-3—. Ranges of Cancer Risks by Receptor Across All Exposure Media and Scenarios Evaluated
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Figure ES-4—.Ranges of Cumulative Noncancer Hazard Indices by Receptor Across All Exposure Media and Scenarios Evaluated

Ranges of Cumulative Hazard Indices
ForAll Exposure Scenarios For Given Receptor
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INTRODUCTION

This Baseline Human Health Risk Assessment (BHHRA) presents the Lower
Willamette-Group s{EW.G s)an evaluation of risks to human health fer-at the
Portland Harbor Superfund Site (Site) in Portland, Oregon. This BHHRA is
intended to provide an assessment of potential exposures baseline human health
risks fer-thedue to contaminants at the Site and to support risk management
decisions-for-the-Site—.

Portland Harbor encompasses the-authorized-navigation-channelinthe Lower
Willamette River (LWR) in Portland, Oregon, from the confluence with the

Columbia to about River Mile (RM)-) H-812—. Pertland Harberlt has been the
focus of numerous environmental investigations completed by the LWG and
various other governmental and private entities—. Major LWG data collection
efforts occurred during three-four sampling rounds in the Remedial
Investigation/Feasibility Study (RI/FS) Study Area (RM-RM +90.8 to H-812.2)
to characterize the physical system of the river and to assess the nature and extent
of contamination in sediment, surface water, transition zone water, storm-RMrm-

water, and biota. . This BHHRA incorporates the results of these environmental

The LWG has worked with the United States Environmental Protection Agency
(EPA) to develop the methods and assumptions used in this BHHRA—. Atthe
direction-of EPAConsistent with EPA guidance (1989), this BHHRA incorporates
assumptions to provide a health protective assessment of risks associated with

contaminants present at the Slteﬂvmehﬂseeﬂsas%em—w%h—%g&ﬂd-aﬁe%eﬂ—ﬂﬁe

eeﬂ&stem—w&h—E%A—gwdaﬂeeé%%— The rlsk assessment for Portland Hharbor

is a baseline risk assessment in that it evaluates human health risks and hazards
associated with contamination in the absence of remedial actions or institutional
controls.

This BHHRA is being conducted as part of the Remedial Investigation Report (RI
Report) to evaluate potential adverse health effects caused by hazardous substance
releases at the Site, consistent with the requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA)—. The
BHHRA will be used to support the development of contaminant thresholds to be
used as preliminary remediation goals (PRGs) for sediment—. The BHHRAPRGs
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assessmem—éBER—A%—fer—th%ﬁHThe PRGs will prov1de prellmlnary estimates

of the long-terms goals to be achieved by any cleanup actions in Portland Harbor-
. During the feasibility study (FS) process, the PRGs will be refined based on
background sediment quality, technical feasibility, and other risk management
considerations—. EPA will identify the final remediation goals (RGs) for the site
in the Record of Decision, following completion of the FS.

1.1 OBJECTIVES

The general objective of a-HHRAa human health risk assessment in the CERCLA
process is to &ssess—t—h%pe%eﬂﬂa%prowde an analy31s of potentlal baselme rlsks to

elated contaminants and help determlne the need for remedlal actions, provide a

basis for determining contaminant concentrations that can remain onsite and still be
protective of public health, and provide a basis for comparing the effectiveness of

various remedlal altematlves %e— sﬁe—rel—afeed—eea%mﬂaﬂ%s—m—sedqmem—su#aee

To achleve the overall objectlves the general process of BHHRA fel—lewmg—a%e

speetfic-objeetives-ofthisis-BHHRA:

e Identify contaminants of potential concern (COPCs)* forhuman health

e Identify potentially exposed populations and -expesure-pathways of exposure
10 pomiore = U O P Oy schommme meomine - C 020

e Characterize potentially exposed populations and estimate the extent of their
exposure to COPCs

e Quantitatively characterize the noncarcinogenic and carcinogenic risks to the
populations resulting from potential exposure to COPCs and identify
contaminants potentially posing unacceptable risks

e Characterize uncertainties associated with this risk assessment

e Identify the contaminants and pathways that contribute the majority of the
risk.

1.2 APPROACH

This BHHRA generally follows the approach that was documented in the
Programmatic Work Plan (Integral et al. 2004) and subsequent interim deliverables—.

* Prior deliverables and some of the tables and figures attached to this document may use the ters
RM “Chemicals of potential concern,” which has the same meaning as “Contaminants of potential concern”
and refers to “contaminants” as defined in 42 USC 9601(33).
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It also reflects numerous discussions and agreements on appropriate risk assessment
techniques for the Site among interested parties, including the EPA, Oregon
Department of Environmental Quality (DEQ), Oregon Department of Human
Services (ODHS), and Native American Tribes—.

Moest-of the-ePxpesureseenarios;tneludingpotential exposure pathways-and-,
potentially-expesed-populations, and exposure assumptions were originally identified

in the Programmatlc Work Plan— Mest—ef—t—h&assumpﬂens—used—t&esﬁma%&t—he

Plan—Additional assumptions for estlmatlng the extent of exposure were pr0V1ded in
the Exposure Point Concentration Calculation Approach and Summary of Exposure

Factors Technical Memorandum (Kennedy/Jenks Consultants 2006) and the Human
Health Tox1c1ty Values Interim Dehverable (Kennedy/J enks Consultants 2004a)—_

eva%ua{eﬁn—thas—BHFH%A—b&sed—eimeeﬁen—ﬁem—EPA—Spemﬁc agreemen%s—wﬁ-h
and-direetionfromEPAdocuments related to the approach for this BHHRA are
deecumented-presented in Attachment F1-—.

The appreach-of this BHHRA is based on EPA (1989, 1991b, 2001a, 2004, 2005a)
and EPA Region 10 (2000a) guidance-and-direction-fromEPA, —The-approach-and is
also consistent with DEQ guidance fer HHRAs(DEQ 2000a, 2010).

1.3 SITE BACKGROUND

The LWR extends from the Willamette’s convergence with the Columbia River at
river mile (RM3-) 0 upstream to the Willamette Falls at RM-RM 26—. Portland
Harbor generally refers to a heavily industrialized reach of the LWR between RM
RM-RM 0 and RMRM-RM H-812, the extent of the navigation channel-—.
Additional information on the environmental setting of Portland Harbor, including
historical and current land use, regional geology and hydrogeology, surface water
hydrology, the in-water physical system, habitat, and human access and use is
provided in Section 3 of the RI Report—. The approximate +811-mile portion of
Portland Harbor from RM-RM +90.8 to H-812.2 is referred to as the Study Area
(Map 1-1)—. Because the Site boundaries have not yet been defined’, this BHHRA
focused on the Study Area.

Portland Harbor and the Willamette River have served as a major industrial water
corridor for more than a century.— Industrial use of the Study Area and adjacent areas
has been extensive.— The majority of the Study Area is currently zoned for industrial
land use and is designated as an “Industrial Sanctuary” (City of Portland 2006a).-
Much of the shoreline in the Study Area includes steeply sloped banks covered with
riprap or constructed bulkheads, with human-made structures such as piers and
wharves over the water in various locations.— A comprehensive update of Portland’s

5 The Site boundaries will be defined by EPA in the Record of Decision for the Site.
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Willamette Greenway Plan and related land use policies and zoning (The River Plan)
is underway, addressing all of the Willamette riverfront in Portland (City of Portland
2006b).— —The Willamette Greenway Plan- addresses the quality of the natural and
human environment- along the Willamette River and generally includes all land
adjacent to the river, public lands near the river, and land necessary for conservation
of significant riparian habitat.— (The Willamette Greenway Plan, adopted by the City
Council November 5, 1987, Ordinance 160237-). —The Greenway Plan is intended to
“protect, conserve, enhance, and maintain the natural, scenic, historical, economic,
and recreational qualities of lands along Portland’s rivers.” (Portland City Code
Chapter 33.440).— The Plan supports industrial uses within Portland Harbor while at
the same time looks to increase public access to the river—. As a result, recreational
use within the Study Area may increase at certain locations in the future.-

There are numerous potential human uses of Portland Harbor.— Worker activities
occur at the industrial and commercial facilities in the Study Area—. However, due to
the sparse beach areas and high docks associated with most of the facilities, worker
exposure to the in-water portion of the Study Area may be limited in shoreline areas.
Commercial diving activities also occur in the LWR—.

In addition, the LWR provides many natural areas and recreational opportunities,
both within the river itself and along the riverbanks.— Within the Study Area,
Cathedral Park, located underthadjacent to thee St. Johns Bridge, includes a sandy
beach area and a public boat ramp and is used for water skiing, occasional swimming,
and waterfront recreation.— Recreational beach use also may occur within Willamette
Cove, wh&el%&wefﬁefwﬂamf&lﬁed—n%Swan Island Lagoon, and on the southern
end of Sauvie Island;whichis-withinthe Stady-Area.— Swan Island Lagoon includes
a public boat ramp.— Additional LWR recreational beach areas exist on the northern
end of Sauvie Island and in Kelley Point Park, both of which are outside of the Study
Area.-

Fishing is conducted throughout the LWR basin and within the Study Area, both by
boaters and from locations along the banks.— The LWR also provides a ceremonial
and subsistence fishery for Pacific lamprey (particularly at Willamette Falls) and
spring Chinook salmon for Native American Tribes.— Many areas in the LWR are
also important currently for cultural and spiritual uses by local Native Americans.-

Transients have been observed along the LWR, including some locations within the
Study Area.— The observation of tents and makeshift dwellings during RI sampling
events confirms that transients were living along some riverbank areas.— Transients
are expected to continue to utilize this area in the future—.

The RI/FS being completed for the Site is designed to be an iterative process that

addresses the relationships among the factors that may affect chemical distribution,
risk estimates, and remedy selection—. Fhree-Four rounds of field investigations have
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been completed as part of the RI/FS—. A preliminary sampling effort was conducted
in 2001 and 2002 prior to the RI/FS work plan. Round 1 was conducted in 2002 and
focused primarily on chemical concentrations in fish and shellfish tissue and in beach
sediment—. Round 2 was conducted in 2004 and 2005 and focused on chemical
concentrations in sediment cores, in-water surface sediment, surface water, transition
zone water, and additional shellfish tissue and beach sediment—. Round 3 was
conducted in 2006 and 2007 and focused on chemical concentrations in additional
surface water, sediment, and fish and shellfish tissue—. These Round 1, Round 2, and
Round 3 sampling efforts, while initially focused on RM-RM 3.5 to 9.2, which is the
Administrative Order on Consent-defined initial study area (ISA), extended well
beyond the ISA to RM-RM 0 downstream and to RM-RM 49-28.4 upstream-—.

ORGANIZATION

In accordance with guidance from EPA (1989), which is consistent with DEQ
guidance (2000a, 2010), the BHHRA incorporates the four steps of the baseline risk
assessment process: data collection and evaluation, exposure assessment, toxicity
assessment, and-risk characterization, as well as a discussion of overall uncertainties.

twhich-ineludes-anuneertainty-assessmenty:

This BHHRA is organized as follows:

e Section 2, Data Evaluation — This section evaluates the available data for the
Study Area and identifies the COPCs for further evaluation in the BHHRA.

e Section 3, Exposure Assessment — This section presents potentially complete
routes of exposure and potentially reeeptor-exposed populations for further
evaluation in the BHHRA, which are summarized in the conceptual site model
(CSM).

e Section 4, Toxicity Assessment — This section evaluates the potential hazard
and toxicity of the COPCs selected for quantitative evaluation in this
BHHRA.

e Section 5, Risk Characterization — This section presents the cancer risks and
noncancer hazards and identifies the contaminants potentially posing
unacceptable risks to human health.

e Section 6, Uncertainty Analysis — This section discusses the uncertainties that
are inherent in performing a HHRA, and the uncertainties specific to this
BHHRA.

e Section 7, Summary — This section summarizes the findings of this BHHRA
and identifies chemicals and pathways that contribute the majority of the risk
within the Study Area.

e Section 8, Conclusions — This section provides the conclusions for this
BHHRA.
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e Section 9, References — This section lists the references used in this BHHRA.
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DATA EVALUATION

2.1

This section presents the data that were used in this BHHRA and the results of the
selection of COPCs in sediment, water, and tissue—. The LWG and non-LWG
sampling events included in the site characterization and risk assessment (SCRA)
dataset are described in detail in Seetion20Appendix A of the RI Report—. The
BHHRA dataset used in this BHHRA represents a subset of data from the sampling
events that comprised the SCRA dataset as of September 2008—. Data needs for the
BHHRA were identified through the data quality objective (DQO) process described

in Section 7 of the Programmatlc Work Plan 11ntegra1 et al—. 2004). Data—eeﬂeetteﬁ

BHH—EQ\— Oan data that —met Category 1/QA2 data quallty ob]ectlves was used in
theBHHRA e ¢ ata-auality

A ] {Formatted: Font color: Auto

- {Formatted: Highlight

polybrominated diphenyl ethers (PBDEs) in-detected in in-water sedlment fish
tissue; and shellfish tissue was performed-conducted at-the-direction-of ERA-using a
subset of data from the sampling events that comprised the SCRA dataset as of
February 2011-—. The data for the PBDE analysis are discussed in Attachment F3,
and the PBDE risk assessment used the general data evaluation methodology
discussed in this section.

AVAILABLE DATA

The risk-characterization- BHHRA dataset includes only those matrices relevant for

direct human health-exposure pathways-that-were-quantitatively-evaluated: surface
sediment-H{0-to-30-5-centimeter{em)-in-depth]), clam and crayfish tissue, fish tissue,

surface water and groundwater seeps—. Other matrices included in the SCRA
dataset (esuch as-g- subsurface sediment) were not evaluated in the BHHRA

because they-were-notrelevantto-the-expesureseenartos-evaluatedhuman exposure
was considered unlikely-fsee-Seetion3)—. Althoush-the BHHRA focused-on-the
Study Areaadditional-data-Data from eutside-the Study Areafremdownstreamto
RM-RM 1.0, including Multnomah Channel, and upstream to RM-RM 12.2, were

included in the risk assessmentalso-tsed-to-assessriskperan-agreement-with-EPA-
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. The BHHRA dataset is divided-into-samples-collected within-the Study-Area-and
outside-of the Study-Area;and-and-is-summarized by matrix in Fables-Tables 2--1+
and2—2. The dataset is described briefly in the following subsections, and described

in more detail in Section 2.0 of the RI Report—.

2.1.1 Beach Sediment

The Programmatic Work Plan-identified-Areas-aAreas where potential exposure to
beach sediment could occur were&den&ﬁe&anddes&gnatedasﬁum&wus&&reasﬁthe

Programmatic Werk Plan—Human-use-areas-were-designated- based only on current
conditions, as identified in the Programmatic Work Plan—. Because Beaches-beaches

are relatlvely dynamlc env1ronments—, spemﬁc +f—beach conditions may change in the
h 3 : aired, and the
evaluatlon presented in the BHHRA may no longer be approprlatelv descriptive of

potential risks—.

Composite sediment samples were collected during Round 1 from each beach that had
been designated as a potential human use area within the Initial Study Area (ISA)—.
Additional human use areas within the Study Area but downstream of the ISA were
sampled during Round 2 as part of the samphng of shoreblrd habltatﬁérllreﬁth%l%eund

human—use—are&s—lee&ted—dewnstfeam—ef—the—ISA were also 1ncluded in the BHHRA
dataset—. The designated potential human use areas and associated beach sediment
samples are shown in Map 2-1, and —Table 2-3-2 presents a summary of the beach
composite sediment samples included in the BHHRA dataset—.

2.1.2 In-Water Sediment

IaThe in-water sediment BHHRA dataset includes samples collected outside of the

sediment samples Hare excludesd-beachsedimentsamples, as well as natural
attenuation core samples, radioisotope samples, and samples collected from areas
that were subsequently dredged—.

The in-water sediment dataset is dividedinto-two-subsets:distinguished-as-data
cobected-eitherwithinandoroutside-ot the-studyarea———comprised of Patasamples
collected within the study area includes in—watersediment-samples from river mile
(RM) 1 :9-to RM-RM H-812.2, including Swan Island Lagoon, as well as samples

from the mouth of Multnomah Channel—that—weF%meluéed—m—th%smdv—afea—fer—ﬁ&e

i . As descrlbed in A endlx A of the RI

samples collected from areas that have subsequentlv been capped or dredged were

not included in the BHHRA dataset-because-these-samples-arenolonger
representative-of current-conditions—. Per an agreement with EPA, Fthe screening
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of contaminants of potential concern (COPCs) used only the subset of data
containing-samples-within-the-stady-areacollected from RM 1.9 to RM 11.8 (and
including Swan Island Lagoon and the mouth of Multnomah Channel), whereas the
exposure assessment and risk characterization used both subsets of data containing
samples from within-and-outside-the study-areasRM- 1 to RM 12.2-peran-agreement

with EPA—. A summary of in-water sediment samples eellected-withinthe-Study
Area—aﬁd—mcluded in the BHHRA dataset is Dresented in Table 2- 3—s&m{)¥es

2.1.3 Surface Water
To-capture-seasonal-water flow-conditions-onthe EWR-Ssurface water samples

were collected by the LWG in seven separate events during Rounds 2 and 3 between
2004 and 2007, and are representative of various seasonal water flow
conditions.SH e A e
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Surface water samples were collected between RM-RM 1.9 and RM-RM 11.8 in-the
BHHRA-dataset-were-collected-from 32 single point stations and 5 transect
locations (at RM-RM 2.0, Multnomah Channel, RM-RM 3.9, RM-RM 6.3, and RM
RM 11)—. One additional surface water sample was collected from RM-RM 16,
outside the boundaries of the Study Area—. Surface water samples were collected
with-using either a peristaltic pump or an XAD-2 Infiltrex ~ 300 system (XAD)—.
Single point samples included near-bottom and near-surface samples, as well as
vertically integrated water column samples—. Transect samples included
horizontally integrated near-bottom and near-surface samples, cross-sectional equal
discharge increment samples -es-samples-horizontally integrated across the entire
width of the river inte-a-single-sample-for-eithernear-surface-ornear-bottom
herizentally-integrated-samples), and vertically integrated samples from the east,

west, and middle sections of a transect on the river—. Additional information on the
surface water sampling methods is available in Section 5.3 of the RI Report. Tables

2-5 and 2-6 present a summary of the surface water samples included in the
BHHRA dataset from within and outside of the Study Area, respectively.

214 Groundwater Seeps

A seep reconnaissance survey was conducted during Round 1 to document readily
identifiable groundwater seeps along appreximately+7miles-ofboth sides of the
riverbank from RM-RM 2 to 10.5 (GSI 2003)—. Twelve potential groundwater seeps
were observed at or near a-potential human use beach areas—. Of these, only three sites
were identified in the survey where it was considered likely for upland contaminants of
interest (COIs)® to reach groundwater seeps or other surface expressions of groundwater
discharging to human use beaches-(GS12003)—).: the City of Portland stormRMrm-
sewer Outfall 22B, Willbridge, and McCormick and Baxter (at Willamette Cove)-—.

Of the-three-petential-groundwaterseep-areasse locations, only the Outfall 22B
discharge was evaluated in this-the BHHRA—. -Atthisloeation,£Groundwater

infiltrates into the outfall pipe, which subsequently discharges to a beach—Fhe-beach
%e%@atﬁaH—Z—E-B—diselﬁrafg%s—was that has been 1dent1ﬁed asa potentlal tran51ent use

petenﬁal%yeempletep&thv% The groundwater seep ideﬂt}ﬁeéat Wlllbrldge is #-ata
beach restricted to industrial use,-and-exposure-to-groundwater seeps-is-considered-an

Fresplet b Peeseaeli s oo a0 s sl e e e e s
survey(GSH2003)at i-Willamette Cove, located downgradient of the McCormick and

Baxter Superfund Site, was capped during remedial activities in 2004.

The stormwater pipeline that discharges at Outfall 22B provides a conduit for surface
discharge of groundwater containing COls that infiltrates into the pipe upland of the
beach—. The sampling events at Outfall 22B are described in Appendix A of the RI

Prior deliverables and some of the tables and figures attached to this document may use the term-RM “Chemicals
of interest,” which has the same meaning as “Contaminants of interest” and refers to “contaminants” as defined
in 42 USC 9601(33).
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Report—. Samples-Although samples have periodically been collected for analysis of

the discharge at Outfall 22B-have periodically-been-colected-for-analysis; both during

stormwater-events-and outside of stormwater events,— samples taken during stormwater
events were not included in the BHHRA dataset because they were not considered

representatWe of tvplcal exposures. l-n—e%eleHe—rep?esem—pe%emal—eepesu%%ﬁem—the

SGMW Samples takerrcollected since 2002 were used in the BHHRA ,and-
Table 2-5 presents a summary of the samples from-Outfall22B-that were included in
the BHHRA dataset— SR e e Db el

2.1.5 Fish Tissue

The target fish species to be evaluated for human consumption were identified in the
Programmatic Work Plan (Integral et al—. 2004)-), and consisted of both resident
and non-resident species—.— Samples Residentof resident fish species samples-were
collected by the LWG durmg Rounds 1 and 349thh%L—W€H hradditionadult

wereSamples of non-resident fish species were -collected in the summer of 2003
through a cooperative effort of the ODHS, Agency for Toxic Substances and
Disease Registry (ATSDR), Oregon Department of Fish and Wildlife (ODFW), the
City of Portland and EPA Region 10.(This-sampling-effort-isreferred-to-as-the

“ODHS-Study™-in-therest-of this BHHRA)— Table 2-7 presents a summary of the
fish tissue samples included in the BHHRA dataset.

2151 Resident Fish Tissue

Resident fish species evaluated in the BHHRA are Smalmeuth-smallmouth bass
(Micropterus dolomieui), black crappie (Pomoxis nigromaculatus), common carp
(Cyprinus carpio carpio), and brown bullhead (Ameiurus nebulosus)-were-the-resident

ﬁsh—spee}es—eelleeted—aﬂdﬁaﬂaly%ed%e—s&ppefkth%BHHPnA— The sampling design
protocol for each species differed was-based on the reported home ranges of the-target

Lehupecion samplode—, —ethemsmphneapseonchdifored oo odon oo Lol T
Round-1-data-coleection;-the tissue compositing scheme for the Round 1 data collection
foreachsampleeffort was reviewed and approved by EPA in November and December
2002-prior-to-laberatoryanabysis—. The Round 3 data collection, the tissue compositing
scheme was approved by EPA in October 2007—. Smallmouth bass and carp collected
during Round 3 were analyzed separately as fillet and the remaining body-without-fillet
tissue, and whole body concentrations were calculated using the individual fillet and
body-without-fillet results—. Thus, for the risk assessment, the Round 3 smallmouth
bass samples were reported both as fillet and whole body results—. The-ForRound-3
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Puring-SReundt-smallmouth bass samples were collected in Round 1 from eight
locations between RM-RM 2 and 9, and correspondmg to thelr small home range
(ODFW 2005), and ea
bass—wer%eeﬁeeted—aﬁd—composned based on each river m11e—leeat}eﬂs—éu<+te—the1¥

§ —. Three whole
body repllcate compos1te sarnples were collected at three of the cight rivermile

locations—Ateach-of the remainingfiverivermieloeations;, one whole body
composite sample and one fillet composite sample were collected at the 5 remaining

samplc locations—. AHRoundtresuhtstrom-within-the-Study-Arcawerc-included-in-the
BHHRA datasct.

Puring-Round 3; smalmeuth-basssamples were collected from 18 stations between RM
RM 2 and 12, each corresponding to approximately one river mile, and-either the west
or east pertien-side of the river, or both—. One composite sample was collected from

each statlon tvplcallv consmtm;,r of five 1nd1v1dual ﬁsh— For-which-Efillet-and-the

BDuring Reund-1-black crappie, common carp, and brown bullhead samples were
collected during Round 1 and composited for-from two three-mile long fishing zones,
RM-RM 3-0 and RM-RM 0-9each-approximateh—threerivermilesindength-(RM3-6
and-RM-6-9)—. Three common carp and brown bullhead whole body and three-fillet
replicate composite samples were collected at-from each efthe-twefishingzonesfor
common-—carp-and-brown-bulthead—. Two black crappie whole body and twe-fillet
replicate composite samples were collected within each efthefishingzonesforblack
erappie—. All Reundd-results from within the Study Area were included in the BHHRA
dataset.

During Round 3, common carp samples were collected for-from three fishing zones,
each approximately four river miles in length (RM-RM 0-4, RM-RM 4-8, and RM

RM 8-12)—. Three common carp composite samples were collected from each fishing
zone and analyzed separately as fillet tissue and remainderbody-without-fillet tissue—.
All Round 3 results were included in the BHHRA dataset.

SEersmallmouth bass, black crappie, and common carp;-a fillet samples were
analyzed as fillet with skin, except for the analysis of mercury, which was performed
using fillet without skin—. BEesbrown bullhead;-aH fillet samples were analyzed as
fillet without skin.
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2.15.2 Salmon, Lamprey, and Sturgeon

Adult white sturgeon (Acipenser transmontanus), adult spring Chinook salmon == ‘{Formatted: Body Text Indent 2, Space After:
(Oncorhynchus tshawytscha), and adult Pacific lamprey (Lampetra tridentate)¥Fhae 12 pt

tassueelata—eol—leeted—elu%mg—the -were collected durmg ODHS Study— W%F%t—h%@ﬂ-l—y

l—#QA—B—Although these data were not collected as part of the RI they—the data met
Category 1/QA2 data quality requirement s and were evaluated by the LWG and used in
this BHHRA—.

- - ‘{Formatted: Body Text Indent 2, Space After:
12 pt

Each compos1te sample meludedcons1sted of three 1nd1v1dual ﬁSh%h%e%lﬂdiﬂd&a—l—ﬁSlﬁk

. Five whele-whole-body-cempesite-sample (s-including one split), three fillet with
skin, and three fillet without skin composite samples were analyzed—. The fillet without
skin composite samples were only analyzed for dioxin, furan, and polychlorinated
biphenyl (PCB) congeners and mercury.

AThe-adult Pacific lamprey samples were collected at the Willamette Falls. -Only-whele
bedy-compesite-samples-were-analyzed: Four whole body composite samples, e-Each
compeosite-sample-ineluded-consisting of 30 individual fish,— Eeurwhele-body
compeosite-samples-were analyzed—.

Alih%adult sturgeon samples were collected between R—M—RM 3 5 and 9.2—. Onbyfillet

samples were analyzed Wlthout skm— (mcludmg one spl1t) each sample cons1st1ng ofa

single fish—were-analyzed.

2.1.6 Shellfish Tissue
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CEererayfish; samples were collected from 24 stations during Round 1-—Fhe Round

+erayfishstations-wereseleeted based on habitat areas—Crayfish-were-coleeted;

and from 9 stations during Round 3— Fhe Round 3-erayfish-stations-were-based on
habitat areas and data needs identified by the EPA-and-habitatareas—.

Commensurate with their limited home range, Erayfish-crayfish were collected and
compesited-analyzed as whole body composite samples from each individual
stations-commensurate-with-thetr-imited-heme-ranges—. Only-whele-body
compeosite-samples-were-collected-forerayfish—During Round 1, two replicate
composite samples were collected at three of the 24 stations;:— Aa teach-ofthe

remaining stations;-a-single composite sample was collected at the remaining
stations—. During Round 3, a single composite sample was collected at each station.

ClamsFer-elams;-samples (Corbicula sp.) were collected from 3-three stations
during Round 1, 33 stations during Round 2, and 10 stations during Round 3:—,

Ssamphng locatlons were based on hab1tat areas and biomass ava1lab111tv Clams

hab%&a%e&s—atad—@em&ss—a&%l—abmﬁ;A s1ngle compos1te sample was collected at

each station in Rounds 1 and 2—. In Round 3, two composite samples were
collected from each of five stations, and a single composite sample was collected

from each of the remammg five statlons— . Pepuration-is-a-common-method-for

Round 2 field-eoHeeted-elamssamples were analyzed
undepurated—ané%daﬁ—the%ferenwweepredwkhm%ea#hﬂée%ﬁem—tms

As prev1ously noted two samples were collected from each samplmg stat1on in
Round 3;-, one sample from each station was depurated prior to analysis, the other

was analvzed undepurated ﬁvesampleswefedepurateérpmﬁeaﬂalyﬁs

data from laboratory bloaccumulatlon samples were also available from Round 2,

these data were not used because field-collected tissue samples provide for a more
direct evaluation of potential human exposure than laboratory bioaccumulation

samples—. Tables 2-7 and 2-8 present a summary of the shellfish tissue samples
included in the BHHRA dataset, from both inside and outside the Study Area,

respectively.

USEOFBDATADATA EVALUATION

Prior to using the data in the BHHRA, the data reduetionwas-conduetedwere
evaluated for inclusion in the BHHRA consistent with the Guidelines for Data
Reporting, Data Averaging, and Treatment of Non-Detected Values for the Round 1
Database (Kennedy/Jenks Consultants et al-—. 2004), the Exposure Point

33



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

Concentration Calculation Approach and Summary of Exposure Factors
(Kennedy/Jenks Consultants 2006), and Proposed Data Use Rules and Data
Integration for Baseline Human Health Risk Assessment (BHHRA), submitted to
EPA in a May 28, 2008 email-communication-with-EPA—. Datareduetionand-data
use rules applied to the combining of surface water data collected by different
methods, the handling of non-detects, the summing of chemical groups, and the
calculation of exposure point concentrations (EPCs)—. Theserules-are-deseribed-in
detatbin- Attachment F2.

2.2.1 Excluded Data

The data used BHHRA eensists-only-of data-thatmeet Category 1/QA2 data quality ~ <+~ - - { Formatted: Right: 0"

objectives, as described in Section 2.2 of the RI Report—. Data that were not of this
quality were removed from the BHHRA dataset—. General reductions of the SCRA
dataset to create the BHHRA dataset included removal of rejected analytical results
(“R” qualified results), and removal of analytical results of samples collected from
locations that have been capped, dredged, or remediated. This included all samples
flagged as capped, dredged or remediated, including data from task WLCMBIO02: the
McCormick & Baxter September 2002 Sampling.

2.2.2 Field Replicates

Field replicates within the BHHRA dataset were handled per agreements with EPA-
. When calculating a mean or an upper confidence limit (UCL), and when reporting
data in general, replicates were included in the dataset as discrete samples—.
Replicates with unique coordinates were included as separate samples when
mapping or spatially weighing data—. Where replicates have the same coordinates,
data associated with the first sample were used and data from the second or third
replicates were excluded.

2.2.3 Co-elution of PAHs

Benzo(b+k)fluoranthenes and benzo(k+j)fluoranthenes co-eluted in certain surface
water and in-water sediment samples—. For the purposes of the BHHRA,
benzo(b+k)fluoranthenes results were assumed to be completely
benzo(b)fluoranthene, and benzo(k+j)fluoranthenes results were assumed to be
completely benzo(k)fluoranthene—. Analytical results for these samples were not
presented as co-clutions in the BHHRA, but rather, were presented as results for
their assumed analyte.

— — | Formatted: Heading 3, Right: 0", Outline

2.2.4 Treatment of PCB Surface Water Data numbered + Level: 3 + Numbering Style: 1, 2,
. . . 3, ... + Start at: 1 + Alignment: Left + Aligned
Polychlorinated biphenyls (PCBs) were analyzed as Aroclors in samples collected at: 0.31" + Tab after: 1" + Indent at: 1"

using a peristaltic pump, and as congeners in high-volume samples collected using
the XAD-2 sampling method—. FheBecause detection limits for the peristaltic pump
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samples were higher than thethose using high-volume samples, se-the results for
PCBs from the high-volume samples were used—. In-the-high-volume samples: PCB
Aroclor concentrations in the high-volume samples were estimated from the PCB
congener data by the analytical laboratory—. Therefore, Aroclor data were not used,
and only PCB congener data were used to assess PCBs in the BHHRA surface water

dataset.
Lo ) «- - — | Formatted: Outline numbered + Level: 3 +
2.2.5 2512 -Combining XAD Column and Filtered Surface Water Data Numbering Style: 1, 2, 3, ... + Start at: 1 +
. . . . Alignment: Left + Aligned at: 0.31" + Tab
The XAD water quality samples consisted of two components: chemicals retained after: 1"+ Indent at: 1"

on the column that —are representative of the dissolved concentration, and chemicals
retained on the filter that are representative of the concentration of the suspended
particulate fraction—. In order to create a whole water sample from the XAD results,
the Aanalytical results for column and filter fractions for a given chemical were
combined to give a total concentration—. The following rules were used to-combine
the-two-concentrations-measured-in-the-columnand-filterto calculate a whole water
concentration for thatindividual samples:

e If an ehemtealanalyte was detected in both the filter and the column, the detected
concentrations were summed-—.

e If an ehemiealanalyte was detected in either the filter or the column but not in both
portions of the sample, only the detected concentration was used.

o If an ehemtealanalyte was not detected in both the filter and the column, the highest
detection limit reported for either the filter or the column was used—.

SampletDsforsurface water samples collected using the high-volume XAD-2
sampling method eentainare identified with the letters “XAD.”— SampleIDsfor

theThe results of the combined XAD-2 column and filter data were renamed
“WSXAD-Combo,” and are presented as such in the BHHRA.

L . . — -~ 7| Formatted: Outline numbered + Level: 3 +
2.2.6 252 Combining Horizontal and Vertical Surface Water Data Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.31" + Tab
after: 1" + Indent at: 1"

edeteeted—eeﬂeeﬁtfaﬁeﬂsThe avaﬂ-abl%surface Water data descrlbed in Sectlon 2 1. 3

wereentire-water-column; vertically integrated-from-bottom-to-surface prior to use in
the BHHRA .— Tlathe-case-efWheretransect samples were-collectedthe
appropriate-exposure-pointis-the concentrations-wereare presented as a vertically
and horizontally integrated transect—. NDuring-some-of the-surface-water-samphing
events—non-integrated samples were collected from both near-bottom and near-
surface (NB/NS) depths within the water column at a-given-single-point sampling
locations—. VEerseme-transeetlocations—vertically-integrated transect samples
were collected from the east, west, and middle (E/W/M) sections of the river, of
horizontally 1nte,qrated samples were collected from NB or NS water depths—. Eer

NB/NS and/or
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E/W/M samples from the same location and date were combined to provide an
integrated value for the water column or transect—. In these cases, the-single-point
data from NB and NS were vertically combineds, the-vertically-integrated data from
E/W/M were horizontally combined; and the-horizontally-integrated data from
NB/NS were vertically combined using the following rules:

o If an ehemiealanalyte was detected in each sample, the detected concentrations «~ ~ { Formatted: space After: 6 pt

were averaged-and-the-average-wasused—.

e Ifan analyte -chemieal-was detected in at least one sample-and-not-detectedinat
least one-sample, the-deteetedthe mean concentration was calculated using
concentration(s)-were-averaged-with-%4one-half the detection limit efthenon-
detected-conecentration(s),and-the-average-wasusedfor non-detect results.

L Moo o b i e o the s cethee e b b b cnnb |
results were non-detect, the-full detection-hmit of each-sample-was-averagedthe
mean of the detection limits was calculated; and the-average-was-used as the non-
detected concentration (‘“U” qualified).

e In some easesinstances, a field replicate sample was collected from the middle of

the river without corresponding replicate samples from the east or west side of the
river, -¢indicated by “M2” in the Sample ID}—. The results from these samples were

included in the dataset at their reported concentrations, without combining them
with other results.

Sample IDs for the results of the horizontally or vertically combined integrated data
were renamed to include “-Int” at the end of the ID name, and are presented as such
in the BHHR A-as-such.

Smallmouth bass and carp samples collected during the LWG Round 3 sampling
event were analyzed separately as fillet- and body--without--fillet tissue—. The

results of these analyses were combined on a weighted-average basis to provide

whole body results for use in the BHHRA—. The steps used in combining the data
were as follows:

° The whole-body tissue mass was calculated for each individual fish within each = W

composite by summing its fillet- and body-without-fillet tissue mass.

° The ratio of fillet to whole-body tissue mass was calculated for each individual
fish within each composite—. Likewise, the ratio of body-without-fillet to
whole-body tissue mass was calculated for each individual fish within each

composite.
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° For each composite, the average of the fillet- to whole-body tissue mass ratios
was calculated, and the average of body-without-fillet to whole-body tissue
mass ratios was calculated to provide an average of the percentage of fillet- and
body-without-fillet tissue mass for each composite.

. - - - 7| Formatted: Indent: Left: 0.5", No bullets or
The average percentages were then used to calculate a weighted average efthe {numbering }

analyticalresultsconcentration for each composite sample usingaccording to the
following rules:

° If the analyte was detected in both the fillet tissue and the body without fillet - W Formatted: Indent: Left: 0.56", Hanging:

. . . 0.44", Space After: 6 pt, Bulleted + Level: 1 +
tissue, a weighted average was calculated using the detected values Aligned at: 1.25" + Indent at: 1.5"

° If the analyte was not detected in either of the tissue types, a weighted average
was calculated using the full detection limits

° If the analyte was detected either the fillet or body-without-fillet sample, one-
half the detection limit for the non-detect result was used to calculate the

weighted average.

The combined fillet and body without fillet tissue data were considered whole body
tissue results for carp and smallmouth bass and were used in the BHHRA as such.

2.2.8 Summed-Analytesand-Summation Rules for Analytes Evaluated as

Summed Values

Certain Se ict in-the BHHT

ehema}ea-lcontammants were evaluated as the sum of 51m11ar 1nd1v1dual mﬁemfes—t-ha{
are-congeners, isomers, and e#closely related degradation products of athe parent
compound —As-arestriskswere-evatuated-nthe BHHR A based-on-exposureto
the-chemiecal-mixturerather than as tethe-individual eompenentschemicals—. The
chemicals evaluated as mixtures and for which analytes swereevaluated as
summedsums in the BHHRA ineludeare as follows:

° Total PCBs (either-as-sum-of Aroclors-orsum-ofcongenersywere calculated as +- ~ ~ 7| Formatted: Space After: 6 pt, Bulleted +
either the sum of nine Aroclor mixtures (1016, 1221,1232, 1242, 1248, 1254, evel: 1+ Aligned at: 05"+ Tab after: 1"+
1260, 1262, 1268) or the sum of individual PCB congeners.

° Total endosulfan was calculated as the sum of a-endosulfan, -endosulfan, and
endosulfan sulfate.

o Total chlordane was calculated as the sum of cis- and frans-chlordane, __— { Formatted: Font: talic ]
oxychlordane, and cis- and rans-nonachlor. | { Formatted: Font: Italic ]

. Total DDD was calculated as the sum of 2,4'-DDD and 4.4'-DDD. o \{ Formatted: Font: ltalic J
{Formatted: Font: Italic ]

Total DDFE was calculated as the sum of 2,4'-DDE and 4.4'-DDE
Total DDET was calculated as the sum of 2.4'-DDT and 4.4'-DDT
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° Total dioxin-like PCB congeners were calculated as the sum of PCBs 77, 81,
105, 114, 123, 126, 156, 157, 167, 169, and 189.
° Total PCBs-adjusted ¢were calculated as the sum of total PCB congeners <+~~~ 7| Formatted: Space After: 6 pt, Bulleted +
witheutminus dioxin-like PCB congeners.) IL:;::;tla: All.',g"ed at: 0.5+ Tab after: 1"+
° Total xylenes were calculated as the sum of ju-, o-. and p-xylene. _- {Formatted: Font: Italic

The individual components of each chemical mixture used in the BHHRA are +{ Formatted: Font: halic

presented in Table F2-2—. { Formatted: Font: Italic
T ‘[Formatted: Not Highlight

A

If an individual analyte of a chemical mixture was detected at least once within the
study area in a given medium, it was considered present in that medium—. For-The
presence of an analyte in biota samples was assessed separately for each individual
species and tissue—. The presence of individual analytes in sediment, and surface
water were also assessed separately based on the specific exposure scenario—.
Individual analytes that were a part of a chemical mixture but were determined not

to be present are summarized in Table F2-3 by medium and species—,. Additionall | - {Formatted: Not Highlight

a minimum number of individual analytical results in the mixture was required for
the summed analytical result to be calculated-{regardiess-ofwhetherthe-analyte-was

detected-or-determined-to-bepresenty—. For example, if a sample was only analyzed
for a limited number of individual PCB congeners, or if a large number of
individual congener results for a sample were rejected, a total PCB congener sum
may not have been calculated—. In addition, chemical mixtures for samples meeting
the criterion for the minimum number of individual analytical results required to
calculate a sum, but with a limited number of individual analytical results, were
qualified with an “A.”— Mixture sums that did not have a limited number of
individual analytical results were qualified with a “T,” indicating a calculated total=
. Table F2-4 shows the minimum number of individual analytical results required to
calculate a sum for each mixture, and the maximum number of individual analytical
results that would result in an “A” qualifier, indicating a limited number of
individual analytical results were available for a sample—. Table F2-4 also lists the
number of samples for each medium for which a summed total was calculated, and
the number of samples for which a summed total was not calculated because of lack
of individual analytical results for the mixture—. Sample IDs of samples for which a

summed analytical result was not calculated are presented in Table F2-5.

Concentrations of the individual analytes that comprise thea mixtures were summed
for each sample according to the following rules-unless-otherwise-noted:

o If an individualanalyte was detected in the sample, the detected concentration was
used fer-thatechemiealinto calculate the sum
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e If an individual-analyte was not detected in thea sample but was determinedassumed

to be present in the sample medium-accordingto-therulesin-Seetion3-+, one-half
the detection limit was used forthatchemiealinto calculate the sum

o If none-oftheindividual-analytes-were detectedin-the sampleall results were non-
detect, the highest detection limit of the analytes determinedassumed to be present

in the medium aceordingto-therulesin-Seetion3-1+was used as the detection limit
for the sumsample, and the sample was flagged as a non-detect.

39



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

2.2.9 Total Dioxin/Furan and PCB TEQOs

—A toxicity eguivalence procedure was used to assess the cumulative
toxicity of complex mixtures of PCDD, PCDF, and PCB congeners. The
procedure involves assigning individual toxicity equivalency factors
(TEF's) to the PCDD, PCDF, and PCB congeners in terms of their relative
toxicity to 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD)—. Foxic

«- — — | Formatted: Heading 3, Indent: First line: 0",
Tab stops: Not at 0" + 0.5"

congeners-and-dioxin-hke PCB-congeners—CThe reported concentrations of

eengenerseach congener in a sample areis multiplied by theirits respective TEFs to

estimategive the TEF-equivalent toxieityconcentration-efthe-congenersrelative to
2.3.7.8-tetrachlorodibenzo-p-dioxin(2.3-7.8-TEDDY.—. The resulting concentrations __— { Formatted: Font: Italic ]

are then summed inte-ato give a TEQ-—. The World Health Organization (WHO)
TEFs (Van den Berg et al. 2006), shown in Table 4-3, were used to calculate the

total dioxin/furan and PCB TEQs—. Dioxin/furan and PCB-TEQs were calculated
according to the following rulesThefoHowinesubsections-discuss-how-the TEOs

wsed-in-the BHHRA-were-ealewlated:
. . «- - — | Formatted: Heading 3, Border: Bottom: (No
R e et border)
- ‘[Formatted: Indent: Left: 0" }

o FortheseeCongeners that-werereported as not detected in a given sample; but

determined to be present in the medium aceordingto-therulesin-Seetion3-+, bone-
half the detection limit multiplied by the TEF was used in the sum

o If all congenersresults used-to-ereate-a-TEOQIN a sample were non-detects, the

maximum toxicity-weighted detection limit was used for the TEQ, and the result

was flagged as non-detect (U-qualified)—. The maximum toxicity-weighted

detection limit was obtained by multiplying each detection limit by its respective
TEF and selecting the maximum value.

e Dioxin/furan TEQs were not calculated for those samples where aAnalytical results
were-needed-for all 12 dioxin/furan congeners foraTEQto-be-calewlatedregardless
 whether itd nedto.l o indi ¥ ble 24 (e
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Values were not presented for total TEQ in the BHHRA—. Rather, risks from total
TEQ were estimated by summing the risks from the total PCB TEQ and the total

dioxin/furan TEQ.
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2.3 CHEMICAL SCREENING CRITERIA_AND SELECTION OF
COPCONTAMINANTS OF POTENTIAL CONCERNs

2004y —Because of the large number of chemicals detected in environmental
media, a risk-based screening approach was used to focus the risk assessment on
those contaminants most likely to significantly contribute to the overall risk.
COPCs were selected for quantitative evaluation in the BHHRA by comparing the
SCRA analytical data to risk-based screening values)—. The specific risk-based

concentrations used to select COPCs are described below for the respeetive-cach
mediaBHHRA media. . I the maximum detected concentration of a contaminant

seenarios—Asa-health-proteetive-inttial-approachthe-enrrent EPA’s Regional
Screening Levels (RSLs) for soil (EPA 2010a) were used as the basisfor
screening values for beach and in-water sediments—. RSLs are risk-based
concentrations in soil, air and water, and have been developed for both residential
and industrial exposure scenarios—. Using default exposure assumptions, RSLs
represent concentrations that equate to a target cancer risk of 1 x 107 or a hazard
quotient of 1—. As described in Region 10 guidance (2007a), RSLs based on a
noncancer endpoint were divided by 10 to give a value equivalent to using a

{Formatted: Font: Times New Roman
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hazard quotient of 0.1—. This was done to account for the additive nature of
noncancer effects—. RSLs based on Eernencarcinogenic-chemicals-the EPA
RSEsnoncancer endpoints were divided by 10 to account for potential cumulative
effects from multiple chemicals, and these modified RSLs were used as the

screening values.—. Forchemiealsthat exhibit both-earcinogenie and

Consistent with the then current EPA Region- 10 guidaneerecommendations
(EPA, 2008), a RSL of 7.7- mg/kg in soil for residential land use was calculated
for trichloroethylene (TCE) using a cancer slope factor of 0.089 per mg/kg--day,
representingwhich represents the geometric mid-point of the slope factor range
from EPA 2001—. EPA finalized its risk assessment for TCE in 2011 and the
revised RSL is 0.9 mg/kg. Because TCE does not contribute substantially to the
cumulative risk estimates for the in-water portion of Portland Harbor, the
screening process was not re-evaluated. Chemicals for which no RSL was
available were screened using RSLs forSurregate chemicals with a similar
chemical structuress RSEsforwere-used-ifavailable{e-gpyrene-wasused-asa

— - 7| Formatted: Heading 3, Right: 0", Outline
numbered + Level: 3 + Numbering Style: 1, 2,
3, ... + Start at: 1 + Alignment: Left + Aligned
at: 0.31" + Tab after: 1" + Indent at: 1"

O 1o P H oh vatry S vardCSs1OTPpro ion-ol huma
Because uses of Portland Harbor include both recreational and industrial
activities, COPCs were selected using both residential and industrial ERA-RSLs,
consistent with the EPA comments on the Round 2 Comprehensive Report
provided-onJanuary 15,2008 (EPA- 2008b).—Ferchemicals-that do-nothave

ERARSEs-ERPARS bsforsurrogate-chemiealswith-simitlar-chemiealstruetures
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For-beach-sedimentresidential-sotHEPA-RSLs were used to select COPCs i
forin beach sediment infor those areas where exposures could occur during
recreational, transient, or fishing activities—Only in those areas considered
reasonably accessible-sueh-as-these-with-aeeess from contiguous upland areas or
by boat—. In-water sediment data collected within the navigation channel were
not used in the COPC screen—. -were-evaluated-as-In areas where occupational
exposures could occur, and for in-water sediment.; COPCs were selected using
industrial setHERPA-RSLs—.

If the maximum detected concentration of a contaminant at a specific use area

was greater than its respective screening level, that contaminant was selected as a
COPC-—. The designated potential uses for beaches in the Study Area are

presented in Map-Map 2--1-—. TFhe-contaminantsseleetedas-COPCs forfor beach
beach-sediment and the rationale for selection are presented in Tables- 2-9 and
. COPC:s for in-water sediment are presented in Table 2-11.

+- — — | Formatted: Body Text, No bullets or
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2.3.2 Surface Water and-GroundwaterSeeps

Screenrng values for surface water and groundwater seeps Sufﬁ&e%water—and

watens—pre%ded—&&ﬂ&%&l—A&a—healﬁa—pmteeﬁ%nﬂﬂal—appreaeh—EPA res1dent1al
tapwater RSLs forresidential-tapwater-(EPA 2010a) and MCLs (EPA 2003a) -were

generally used as the-screening values for surface water and the groundwater seep to
select COPC:s for direct exposure scenarros— Leemchomienl oo e

b o 5 o oD o .-.- EPA Reoion 10

2—997—a9—TCE was evaluated using thethe EPA Reg1on 6 Human Health Medium-
Specific Screening Levels fortrichloroethylene-(EPA 2008a);rather-thanthe ERA
4 oo . . .

COPCs were selected separately for divers-and, transient/beach user exposures, and <« - - {Formatted: Space After: 12 pt

the potential use of surface water as a drinkinsheusehelddrinking— water source.:

COPCs for evaluating exposure byto divers and for drinking water were selected from

atavarablesurfacewatersamplestakenwithinthe Study-Areathe combined surface
water data set described in Section 2.2.6—. Near-bettom-and-near-surface sample

beaeh—users—COPCs for transrent and beach use scenarios were selected from surface
water samples taken from areas where direct contact w%h—trans&ent—er—be&eh—users
could occur.n ' ally org

Island-Lageon— A summary of samples used for screening surface water for COPC

is provided in Table 2-12—. Sample locations of surface water data evaluated and

COPCs for diver exposures are shown on Map 2-3 and in Table 2-13; sample
locations and COPCs for transient and recreational beach uses-diver-exposures; are
shown on Map 2-4 and Table 2-14; sample locations and COPCs for heuseholdthe

use of surface water as a drinking water source are shown on Ma

2- 8—res19eet1¥el¥ and in Table 2-16. —Surfae&wateﬁdata—gathered—durmg—thekl—were
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2.3.3 Groundwater Seep

Chemicals concentrations detected in the groundwater seep at Outfall 22B were
compared to the residential tapwater RSLs. As with the soil RSLs, the tapwater RSLs
based on a noncancer endpoint were divided by 10 to give values equivalent to a HQ
of 0.1. The location of OQutfall 22B is shown on Map 2-5, and COPCs are presented in
Table 2-15.
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24-42.3.4 Fish and Shellfish Tissue

No appropriate risk-based screening values for fish tissue were available. Although
EPA Region 3 has published fish tissue screening levels, the consumption rate of
54 g/day used to derive those values is not considered representative of the range of
consumpnon rates relevant to Portland Harbor Esh—aﬁd—shellﬁsh—tissue—were

P—eﬁl&nd—HafbeicAccordmgly all chemlcals detected in ﬁsh and shellﬁsh t1ssue in the
BHHRA dataset were considered to be COPCs and evaluated further in the BHHRA-

. Map-2-6-shews-Tthe general locations of al-fish-fish in a fer-a-particular composite
of the-smallmouth bass and common carp tisste-dataare shown on -Map- 2-

-6evaluated—fer—mges&en—seenaﬁes—m—th+s—Bl=H=l%A— BSamplesfor-brown bullhead
and black crappie were each-composited fer—over RM-RM 3-6 and RM-RM 6-9;-and

were alse—composned over areas representmg the1r assumed home range, and the
sample locations on Map-Map 2--7 represent the general spatial distribution of
composited samples—.
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EXPOSURE ASSESSMENT

Exposure assessment is the determination of the magnitude, frequency, duration, and
route of exposure (EPA, 1989)—. Populations that currently, or may in the future,

come into contact with site contaminants are identified along with potential routes of

exposure that define the mechanism by which the exposure may occur— Magnitude
is determined by estimating the amount, or concentration, of the chemical at the point

of contact over an exposure duration, as well as the actual 1ntake or dose, of the

seenartos—According to EPA (1989), an exposure assessment includes feurthree
primary tasks:

of the exposure settlng— This step 1ncludes identifying the characteristics of
populations that can influence their potential for exposure, including their
location and activity patterns, current and future land use considerations, and
the possible presence of any sensitive subpopulations—.

o Identifi-Identification of relevant-exposure pathways—. Exposure pathways
are 1dent1ﬁed for human—each cach populations by Wthh peten&aﬂy—eepesed

they may be

exposed to chemlcals orlglnatlng from the site.
e Quantification of exposure—. The magnitude, frequency, and duration of

exposure for each pathway is determined—. This step consists of the

estimating of exposure point concentrations and calculation of chemical

1ntakes— Estimate EPCs-atthe points-of potential human-contactforall

Formatted: Indent: Left: 0.75", No bullets or
numbering
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3.1.1 Conceptual Site Model

The conceptual site model (CSM) describes potential contaminant sources, transport
mechanisms, potentially exposed populations, exposures pathways and routes of

exposure—. As discussed in Sections 4, 5, and 6 of the RI Report, contaminated
media within the Study Area are sediment, water, and biota—. Current and historical

industrial activities and processes within the Study Area have led to chemical releases
from either point or nonpoint sources, including discharges to the river from direct
releases or via outfalls and groundwater within the Study Area—. In addition, releases
that occur upstream of the Study Area and atmospheric deposition from global,

regional, and local emissions may also represent potential contaminant sources to the

Study Area—. Chemicals in sediment and water may be accumulated by organisms
living in the water column or asseetatedby benthic organisms in with-the-sediments—.

Fish and shellfish within the Study Area feeding on these organisms can accumulate
chemicals in their tissues through dietary and direct exposure to sediment and water:
. Additional information on potential contaminant sources is provided in Section 54
of the RI Report, and a more detailed CSM is presented in Section 10—. A graphical
representation of the exposure CSM Potentially-complete-exposure-pathways-were
idant ad 1n he Prao nmm 1 ALy aa
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3-13.2 IDENTIFICATION OF POTENTIALLY EXPOSED HUMAN
POPULATIONS

Potentially exposed and-hypeothetically-expesed-populations were identified based on
consideration of current futureand-hypethetiealand potential future uses of the

Study Area-and-EPA (1989} suidanee—. An analysis of potential exposure pathways
analysis-for the Study Area is detailed in the Portland Harbor RI/FS Programmatic

Work Plan (Integral 2004)-—. The human-pepulationsexposure scenarios identified
below represent those populations that are anticipated to be-maximally-exposed-have
the greatest potential for exposure to contaminants within the Study Area for both
wnder-current and reasenablyforeseeablepotential er-hypethetieal-future conditions—.

Fhe-For this reason, this risk assessment evaluationperformed-for-theseleeted
populations-is eonstdered-likely to be protective of eertain-other potentially exposed

populations that are not evaluated quantitatively in this BHHRA—. The pepulations
receptors evaluated for current;-futureand-hypothetieal and future uses of the Study

Area ineclude-arcthe folowing:

e Dockside workers

e In-water workers

e Transients

e Divers

e Recreational beach users

o Non-tribalRecreational/Subsistence Fishers
e Tribal fishers

+—Domestic water users

—_— +- — ~ 7| Formatted: Bullet List, Outline numbered +
Level: 1 + Numbering Style: Bullet + Aligned
at: 0.75" + Tab after: 1" + Indent at: 1"

Formatted: Bullet List, Space After: 0 pt,
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aaﬁems—m—t—he—S%udv—Area—The above populatlons were ldentlﬁed based on human
activities know to occur within the Study Area, with the exception the use of surface
water as a domestic water source. However, public and private use of surface water is
a beneficial use of the LWR, and as described in Section 1, this baseline risk
assessment evaluates exposures assuming no institutional controls, such as obtaining
a permit for use of surface water. —H‘—L&Hd-er—wa%er—us%ehanges—m—th%&&uf%
expesures-and-risk-estimates-may-alse-change-Each of these receptors is described in

greater detail in the following sections.

3.21.1 Dockside Workers

Portland Harbor supports a large number of water-dependent commercial uses, and
many of the facilities adjacent to the LWR rely on ship and barge traffic—. Dockside
workers ineladewere evaluated to be representative of industrial and commercial
workers at many of the facilities adjacent to the river—. -Swho-conduetspecific
activities are assumed to occur only within natural river beach areas, and include ;5
sueh-as-unloading ships or barges-frem-the -beachitself, or conducting occasional
maintenance activities fromat specific locations near or at the water’s edge—The

A—rea—Exposures for a—gweﬁ—wer-ker—weu-ld-dockmde workers are evaluated iﬂ—t—he—ﬂ-s-k
assessmentindividually-as ecewroccurring only within the-defined dockside-worker
use-areas considered to be industrial sites, rather than on a Study Area or harbor-wide

i i i The S e01ﬁc areas evaluated
considered-to-be-industrial-sites-asarc shown on Map- 2-1-and-beachsedimentdata
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While Ithis-population-isreferred-to-as—in-waterworkers—these-workers-are-not Alignment: Left + Aligned at: 0.75" + Tab
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actually-in-the water—Rather—in-water workers arewere evaluated as representative of

1nd1V1duals these—wefkefs—who conduct activities that tvplcallv occur in or over-water
e ; ! rather
than on shore as assumed for docks1de workers. — Specific act1v1tles may 1nclude the
repair of in-water structures such as docks or pilings

cold-oceunranvwhere wathin the Studyu Aroag that daolc o
cothgoccuranywacre- wWimihine otday " reathnat GocKS o

eenstmeted—e%whereether—m—w%ee&eﬁ%s—ee&msueh—a&,, alntenance dredging of
nvate slips or belths or=

Wmm
cquipment-sias—ahsorpespleindirecrcoptaer sspoapreronoeeateredimente— While
thesesuch activities would not necessarily be restricted to a given area, exposure
would most likely be localized to fn—water—sed+ment—at—sne01ﬁc facﬂltles and between

the shore and the navigation channel

) «— — — 7| Formatted: Outline numbered + Level: 4 +
3.2.1.3 Divers Numbering Style: 1, 2, 3, ... + Start at: 1 +
Several different groups of people BPivins-is-done-bydive several sroups-ofpeople-in Alignment: Left + Aligned at: 0.75" + Tab

- - - - - ; fter: 0.88" + Indent at: 1.38"
the Portland Harbor area, including the public for recreation and gathering of biota for ater neentd

consumption, the sheriff’s office for investigations and emergency activities, and
commercial divers for a variety of purposes including marine construction,
underwater inspections, routine operation and maintenance, and activities related to
environmental work—. The majority of divers are expected to be commercial divers
who typically use either wet or dry suits, wet or dry gloves, and a full face mask or a
regulator held in the mouth with the diver's teeth—. Although dry suits provide greater
protection, wetsuits are often used because of the higher cost of dry suits and water
temperature—. The Willamette River is 303d listed as a temperature impacted area,
with the Lower Willamette reaching average temperatures of over 70 degrees F in the
summer months—. Based on communications with commercial diving companies in
the Portland area (Hutton 2008, Johns 2008, and Burch 2008), the standard of practice
for commercial divers is the use of dry suits and helmets when diving in the LWR—.
However, ERPA-hasnoted-that-the use of wet suits is apparently still common among
many commercial divers (EPA 2008c).—. Accordingly, two different diver exposure
scenarios are included in this BHHRA, and are differentiated by considering the use
of either a wet suit or dry suit—. Each scenario assumes that divers are exposed to
sediment and surface water through inadvertent ingestion and dermal contact:
throughout the Study Area. —Fh-the-Study-Area-the-majorityof divers-are-expected
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mémd&a%s—wer%eeetmvmg—sem%mlefbanleafe&%ﬁanswnt encampments are known

to ex1st w1th1n the Study Area along the Lower Willamette Rlver Fthoueh-individuals

mmemy—e#themﬁm%a%rela%wekv—feWLeﬁthﬁaessM&afeas—Whﬂe %h%tents and
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makeshift dwellings are typically observed above actual beach areas, transients may

b%ﬁqseeted—are llkelv to have d1rect contact with beach sed1ment andE*Bosur%for—a

surface water ( 1nclud1ng groundwater seeps) during swimming bathrng or other
activities, such as washing of clothing or equipment: and
may also use riversurface water as a drinking water source—. Although individuals
are anticipated to move within or outside the Study Area:, Ssome individuals may
spend a majority of their time at relatively few areass—. Thus, and-exposure was
evaluated as occurring at individual beaches rather than averaged over a larger area—.

Spec1ﬁc locatlons where exposure by transients was evaluated in the risk assessment

are shown on Ma 2-1—. i i

3.2.1.5 Recreational Beach Users
ABeth-adults and children participate in recreational activities in-beach-areasat

beaches within the Study Area, and the LWR is also used for boating, water skiing,
swimming, and other activities.— ABeaechThe a-areas currently used for recreational
beach-activities; as well as other areas in the Study Area where sporadic beach use

may occur were identified as recreatlonal use areas-—. The LWR-isused-by-both

While certain individuals may frequent a snecrﬁc area almost exclusrvelv, others
users may regularly use various areas throughout the Study Area—. Recreational
beachusers-mavactivities are likely to result in -eontactwithexposure to beach

59
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A year-round recreational fishery exists within the Study Area—. Current information Alignment: Left + Aligned at: 0.75" + Tab

3.2.1.6 Recreational/Subsistence Fishers

BT : ; ; fter: 0.88" + Indent at: 1.38"
suegestsindicates that spring Chinook salmon, steelhead, Coho salmon, shad, crappie, kil * ndenta
bass, and white sturgeon are the fish species preferred by local recreational fishers

(DEQ 2000b, Hartman 2002, and Steele 2002)—. In addition to recreational fishing,

thean investigation by the Oregonian newspaper and the-limited surveys conducted on
other portions of the Willamette River indicate that immigrants from Eastern Europe
and Asia, African-Americans, and Hispanics are most likely to be-catchingand
eatineuse fish from the lower Willamette either as a supplemental or primary dietary
source (ATSDR 2002)—. These e surveys also indicate that the most
commonly consumed species are carp, bullhead catfish, and smallmouth bass
ATSDR 2002 Heweveralthough other species may also be consumed—. €In
conversations that were conducted as part of a project by the Linnton Community
Center (Wagner 2004) with-transtents-about thetr-consumption of fish or shellfish
from the Willamette River-as-partofa-projectby-the Linnton-Community Center

WVasner 2004y, t—TFransients reported consuming a large variety of fish, and several
transients-said thev ate whatever theV could catch themselves or getobtaln from other

fishers—.

Direct exposures to beach sediments by individuals engaged in recreational or
subsistence fishing SfPhe—Sﬁee}ﬁe&re&s—evakka%ed—feﬁae%eﬂH&Pexﬁeswe%e—seénﬂeﬂts
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was evaluated at specific areas designated as transient and recreational use areas,
exposures to in-water sediments were evaluated per half mile along each side of the
river as well as on a Study Area-wide basis. Fish consumption was evaluated
assuming a single-species diet comprised of each individual target resident fish
species (smallmouth bass, black crappie, brown bullhead, and common carp), and
based on whether only fillets or the whole fish is consumed—. Exposure was
evaluated over fishing zones, based on the relative size of the home ranges-of for
each species, as well as averaged over the entire Study Area—. In addition to the
individual species diet, a multiple species diet was also evaluated on a harbor-wide
basis, assuming each of the four target species comprised equal portions of the total
fish consumption. In order to account for a range of cultural consumption practices,
both fillet-only and whole body fish consumption were evaluated.Seme-fishers-may

- ‘[Formatted: Indent: Left: 0"
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3.2.1.7 Tribal Fishers Numbering Style: 1, 2, 3, ... + Start at: 1 +
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Four éiakama—Hm&HHa—Nez—Pere%aﬂdWafm—Sﬁm&gs}eﬁh%s&*Natlve Amerlcan

tribes (Yakama, Umatilla, Nez Perce, and WarmRMrm- Springs) invelved-in-the
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Portland-Harber RI/ES-participated in a fish consumption survey that was conducted
on the reservations of the participating tribes and completed in 1994 ¢([Columbia
River Inter-tribal Fish Commission (CRITFC) 1994])}—. The results of the survey
show that tribal members surveyed generally consume more fish than the general
public—. Certain species, especially salmon and Pacific lamprey, are an important
food source as well as an integral part of the tribes’ cultural economic, and smrltual
heritage—.
inthis BHHRA.

3.2.1.8 Domestic Water User
Both Dubhc and Drlvate Huse As—menﬁeﬂed—m—Seeﬁe%—kheuﬁh—ther%}s—ﬂe

use—ef—theof the Wlllamette Rlverw theuseof
untreatedriver-water-as a domestic water source is a designated beneficial use of the

LWR by the State of Oregon—. Hence, use of surface water as a source of household
water was assessed as a hypetheticalpotentiall-y complete future-pathway-forboth
atbobneb el el o e e e o Tl e smnslo s O TITC ()
untreated-surface water could hypethetically-occur fremvia ingestion and dermal
contact throughout the Study Area—Atthe-direction-ofthe EPA, as well as
volatilization of chemlcals #em—uﬂ&ea{ed—sufﬁae%water—to indoor air through
household
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Exposure pathways are defined as the physical ways in which chemicals may enter

the human body-fe-g-ingestioninhalationdermal-abserption)—. A complete

exposure pathway consists of the following four elements:

e A source of chemical release
e A release or transport mechanism (or media in cases involving media transfer)

e An exposure point (a point of potential human contact with the contaminated
exposure medium)

e An exposure route (e.g., ingestion, dermal contact) at the exposure point.

If any of the above elements is missing, the pathway is considered incomplete and
exposure does not occur.

potentlal exposure pathways to human populatlons at the Study Area 1nclude

¢ Incidental Ingestien-ingestion of and dermal contact with beach sediment

e Incidental ingestion efand dermal contact with in-water sediment

e Incidental ingestion ef-and dermal contact with surface water

e Incidental ingestion efand dermal contact with surface water from
sroundwaterseeps

o Ingestion-Consumption of fish and shellfish

e Infant consumption of human milk.
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Seetion33-previdesaA more detailed discussion of potential exposures for the Study
Area under current;reasenablyforeseeable and hypethetical-future conditions, and
presents the rationale for including or eliminating pathways from quantitative
evaluation—. The identified receptors, exposure routes, and exposure pathways, and
the rationale for selection are also summarized in Table 3-1.

- - 7| Formatted: Outline numbered + Level: 3 +

11— Definition-and-Sighificance-of Exposure-Pathways 1 Numbering Style: 1, 2, 3, ... + Start at: 1 +
: . . Alignment: Left + Aligned at: 0.31" + Tab
Exposure pathways are designated in one of the following four ways: after: 1" + Indent at 1"

Potentially Complete: There is a source or release from a source, an exposure point
where contact can occur, and an exposure route by which contact can occur—.
Pathways considered potentially complete are quantitatively evaluated in this
BHHRA.

Potentially Complete ard-but Insignificant: There is a source or release from a
source, an exposure point where contact can occur, and an exposure route by which
—. howeverHowever, the-exposure via the pathway is eensidered-a
likely to be negllglble relative eentributer-to the overall risk—. Pathways considered
potentially complete and-but insignificant were not evaluated further in this BHHRA.

Incomplete: There is no source or release from a source, no exposure point where
contact can occur, or no exposure route by which contact can occur for the given
receptor—. Pathways considered potentially incomplete were not evaluated further in
this BHHRA.

Potentially complete pathway, but evaluated under-for a different receptor
eategery These pathways may be complete for some 1nd1v1duals—l-H—tlcﬂs—lceeepféeiC
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alse-be-fishers), but are not evaluated for the identified receptor eategery-because the
pathways are not considered relevanttypical for that receptor—. These pathways are
evaluated underfor different receptors eategories-where the pathways are considered
potentially complete and significant—. Overlapping exposures that may occur for the
different receptors eategories-are discussed further in Section 3.3.7-ef this BHHRA-
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The following sections provide a more detailed discussion of the exposure seenarios
pathways that are quantltatlvely evaluated in this BHHRA— %&feﬂ%&&g@epes&re
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2113.3.1 Direct Exposure to Beach Sediment Numbering Style: 1, 2, 3, ... + Start at: 1 +
L . L Alignment: Left + Aligned at: 0.31" + Tab
Based on current and future uses within the Study Area, Ineidental-incidental after: 1"+ Indent at: 1"

ingestion ef-and dermal contact w1th beach sedlment could occur within natural river
beach areas 4 : 4
identified as human use areas the Programmatlc Work Plan—based—eﬂ—e\m;em—aﬂd
ﬁ:\%b\f%uses—m{hm—ﬂ%&udy—z%ea— Human-useThese areas were further classified
based-with respect to en-the type of exposures that could occur, -at-these-beaches
including recreational, recreational/subsistence and tribal fishersfishing;-tribal-fishers,
transient, or dockside worker use areas—. These-elassifications-are-deseribed-in
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sreater-detatt-below—TFhe-Hhuman use areas in the Study Area and their associated
classifications are shown in Map 2-1-—.

Direct exposure to beach sediments is considered to be a complete pathway for « ‘{Formatted: Body Text Indent 2, Space After: }
dockside workers, transients, recreational beach users, and both 12 pt
recreational/subsistence and tribal fishers—.
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9 vears was usedfor the CT estimate_representine approximately the 50" percentile of - {Formatted: Superscript
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21.23.3.2 Direct Exposure to In-Water Sediment 1 Numbering Style: 1, 2, 3, ... + Start at: 1 +
. . L . Alignment: Left + Aligned at: 0.31" + Tab
Ingestion-ofand-dermalDirect contact with in-water sediment could occur threueh after: 1" + Indent at: 1"
ever—waterduring activities fi-e-aetivities-conducted from a boat or other vessel} that

result in bringing sediment to the rvers-surface, during diving, or when fishing as a
result of handling anchors, hooks, or crayfish pots—. Hence, direct exposure to in-
water sediment is considered to be a complete pathway for in-water workers, divers,
and-recreational/subsistence and tribal fishers—. -Although recreational beach users
may contact in-water sediment while swimming, such exposures are not expected to
be significant and were not quantitatively evaluated in the risk assessment—. fa-water

Exposure to in-water sediment was evaluated throughout the Study Area by river mile

rather than as-having the potential- to-oceuronltyin-at specific arcas: as was done
forwith exposure to beach sediments—.

70



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

Formatted: Outline numbered + Level: 1 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0" + Tab after:
0.5" + Indent at: 0.5"




Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

72

Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

Formatted: Outline numbered + Level: 1 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0" + Tab after:
0.5" + Indent at: 0.5"

Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

Formatted: Outline numbered + Level: 1 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0" + Tab after:
0.5" + Indent at: 0.5"

Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

Formatted: Outline numbered + Level: 1 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0" + Tab after:
0.5" + Indent at: 0.5"

Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"




Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

«- — — | Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

— — | Formatted: Outline numbered + Level: 3 +

5423.3.3 Direct Exposure to Surface Water Numbering Style: 1, 2, 3, ... + Start at: 1 +
. . . . . Alignment: Left + Aligned at: 0.31" + Tab
Direct exposure to contaminants in surface water could petentiatly-occur during after: 1*+ Indent at: 1"

recreational or occupational activities that occur near efor in the water—. Transients

may also use surface water —ei i

as a source of drinking water or for bathing—. -Accordingly, direct exposure via
ingestion and dermal contact with surface water is considered to be a complete

pathway for transients, recreational beach users, and divers.eeeurfor-many-ofthe
i one ey H is BHHRA_ ! ationse
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ESurface-waterexposure to contaminants in surface waters thretgh-via dermal
absorption and ingestion were considered potentially complete and-but insignificant

expesure-pathways for dockside workers, in-water workers, tribal fishers, and fishers-
. It is unlikely that beth-dockside and in-water pepulations-workers would have direct

contact with surface water %hfeagh—mdus#ral—aeﬂmson a regular basis, and the
potential for significant exposure is considered low for —His-alseo-unlikely
thatrecreatlonal/subs1stence and tribal ﬁshersandﬁsherswetﬂdﬁav%s&gmﬁeaﬂ{

poepulatiens-Additionally,

although contaminants may volatilizeVelatilization ef chemieals-from surface water
to outdoor air, it is unlikely to result in a significant exposure considering the amount
of mixing with ambient air that-weuld-eeenrand the relatively low concentrations of

VOC:s in surface water—. Given-thelow-levels-ofchemicalsinoutdoorairfrom

seolailiomien T eie s e elies o ee meeee s Bl Tenee. inhalation

of volatiles to outdoor air was considered a potentially complete ard-but insignificant

exposure pathway for all receptor-pepulations-whe-conduet-ontdooractivities—.
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51433.34

Direct contact with groundwater weuld-is assumed to occur only at seeps enly-within
human-use-areas-where groundwater comes to the surface (i-e-seeps)-on the-a beach
above the water line—. Direct exposure to groundwater via seeps and-is enly
considered a potentially complete exposure pathway for transients and recreational
beach users—. As described in Section 2.1.4, a seep reconnaissance survey there-was

Direct Exposure to Groundwater from Seeps

ldentlﬁed only eﬂ%a—s_m__gl%greuﬂdwater—seep—Outfall 22B, whlch is idenﬂﬁed

pprommately RM—RM 7W in an area desuznated feHhe—Hsle&ssessmeﬂt—as
feereaﬁeﬂal—efa potentlallv used bV transients-tse-area—. JEha{—seep—whieh—ts—the

&s%afea—Therefore exposure to surface water from the groundwater seeps at Outfall
22B enly-transtents-werewas enly-evaluated feronly for transientsforexpesurete
I in thei .

f‘onsumptlon of Transients

«—

54.43.3.5 Fish Censumptien

Certain-chemieals-mayMany of the contaminants found in Portland Harbor are
persistent in the environment and accumulate threusghin the food-chain-bieaccumulate
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n-fish-tissueineluding fish—. and-human-pepulatiensLocal populations thatwho
consume fish caught in Portland Harbor may be exposed to COPCs bieaceumulating

that have bioaccumulated in the-fish-tissues—. Ei

Stady-Area—While the populations evaluated in this BHHRA are described as
“fishers,”; the fish consumption evaluation in this BHHRA includes people who
consume fish caught within the Study Area, not just those who catch the fish-—.
Consumption of locally-caught fish is evaluated as a complete exposure pathway for
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Hsheealéb%eeﬂsumed—bydockmde workers in-water workers, recreatlonal beach *~ = - { Formatted: Body Text Indent 2, Space After:
users, and divers. : heweverfish-Ceonsumption of fish by these reeeptor-populations 12 pt

is evaluated under the fisherrecreational/subsistence receptor-eategory-—. Bty
definition, ongoing Lenglong-term; engeing-fish consumption by transients would
not be expected to occur;=, -and the evaluation of fish consumption for other
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receptors thereforethefisher reeeptoreategory—wounldis considered to be protective
of consumption of fish eensumption-by transients—.

%Consumgtlon oflneemp#et&.%epesu%eﬁa&hways 7

5.4.53.3.6 Shellfish Censumption

Certain contaminants can bioaccumulate in skikefish;shellfish-may-bioaceuwmulate <« .

certain-chemiealsin-their tissae, and —Ppopulations that-consume-shelfish-may be
exposed to COPCs through consumption of shellfish that are that-aceumulate-in-the

she}}ﬁslﬁrﬁssuecollected within the Study Area—. fn-the Programmatic WorkPlan;

extent shellfish harvesting and consumption is presently eeesrsoccurring is not

known—.

The Linnton Community Center project (Wagner 2004) reported that some transients
reported eating clams and crayfish,; heweveralthough; many of the individuals
indicated that they were in the area temporarily, move from location to location
frequently, or have variable diets based on what is easily available—. The Superfund
Health Investigation and Education (SHINE) program in the Oregon Department of
Human Services (DHS) stated that is unknown whether or not crayfish are harvested
commercially within Portland Harbor (ATSDR 2006)—. ODFW has records for
crayfish collection in the Columbia and Willamette Rivers, but these records do not
indicate whether the collection actually occurs within the Study Area—. Based on
ODFW?’s data for 2005 to 2007, no commercial crayfish landings were reported for
the Willamette River in Multnomah County—. DHS had previously received
information from ODFW indicating that an average of 4,300 pounds of crayfish were
harvested commercially from the portion of the Willamette River within Multnomah

77

1

Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

Formatted: Outline numbered + Level: 3 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.31" + Tab
after: 1" + Indent at: 1"

Formatted: Default, Indent: Left: 0.5"

Formatted: Indent: Left: -0.63", Outline
numbered + Level: 4 + Numbering Style: 1, 2,
3, ... + Start at: 1 + Alignment: Left + Aligned
at: 0.75" + Tab after: 0.88" + Indent at:
1.38"

T

Formatted: Default, Indent: Left: 0.5", Space
After: 12 pt




Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

County each of the five years from 1997-2001—. In addition-te-this-histerieat
commereialerayfish-harvesting, DHS occasionally receives calls from citizens who
are interested in harvesting crayfish from local waters swhe-and are interested in fish
advisory information—. According to a member of the Oregon Bass and Panfish club,
erayfish-traps are placed in the Portland Harbor Superfund Site boundaries and
rayﬁsh collected for ba1t and poss1b1y for consumptlon (ATSDR 2006)— Evenif

3-1-1-2-Although Petentially-Complete-but Evaluated UnderaDifferentReeeptor <+~~~ 7 Formatted: Default, Indent: Left: 0.5", Space
Cat After: 12 pt, No bullets or numbering

S€consumption of shellfish was evaluated-asconsidered a potentially complete « ‘[Formatted: Default, Indent: Left: 0.5", Space }

pathway for eeuld-petentially-be-eonsumed-by-dockside workers, in-water workers, After: 12 pt
recreational beach users, and-divers—, and recreatlonal ﬁshers,, Hhewever—as—w&s

evaluated onlv for sub51stence ﬁshers— as they were con51dered the most likely

population to regularly harvest and consume shellfish.-

3.3.7 Infant Consumption of Human Milk

Lipid-soluble chemicals accumulate in body fat, including lipids in breast milk—. and
wmﬁem fed infants can then be exposed to these chem1cals—

mfant exposure to PCBs d10x1ns DDX compounds and PDBEs via the consumption
of human milk was evaluated as a complete exposure pathway for the children of all

«— — — 7| Formatted: Indent: Left: 0.87", Tab stops:
Not at 1.13"
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exposure for individual pathways, but also Expesure-exposures to-receptors-or
poputations-that ean-may potentinty-occur undermore-than-oneseenarioforan
individualacross multiple exposure routes—. Examples of these-overlapping scenarios
include: an-in-water workers who is-alse-a-high-frequeneyfish recreationally, and may
also be fisherand-recreational beach users.;— a-transient-whe-is-alse-afisher;-a-tribal
fisher-whe-isalso-areereational beachuserand-others—PThepotentially overlapping

scenarios are 1ndlcated #won Flguf%Flgure 3--1— and rh—ls—l-x-kely—that—eﬂ%er—me?%f

from potentlally overlapplng scenarios are dlscussed in Sectlon Sﬂf—ﬂﬂs—the—BH-H-&A;
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The exposure point concentration (EPC) is defined as the average concentration

contacted at the exposure point(s) over the duration of the exposure period (EPA,
1992a). EPA recommends using the average concentration to represent "a reasonable
estimate of the concentration likely to be contacted over time" (EPA 1989). Use of
the average concentration also coincides with EPA toxicity criteria, which are based
on lifetime average exposures—. Because of the uncertainty associated with
estimating the true average concentration at a site, EPA guidance (EPA 1989, 1992)
notes that the 95 percent upper confidence limit (UCL) of the arithmetic mean should

always be used for this variable—. Beeauseitisgenerally notpossible-to-know-the

coneentration—The UCL is defined as a value that, when calculated repeatedly for

randomly drawn subsets of data, equals or exceeds the true population mean 95
percent of the time—. Use of the UCL can also help account for uncertainties that can
result from limited sampling data, and more accurately accounts for the uneven
spatial distribution of contaminant concentrations. 5Cks-were-calculated-foreach

3 A : e The process
to es&mat%calculate EPCs for tissue and beach sedlment was prev10usly described in
the Programmatic Work Plan, and the-Round 1 tissue EPCs were previously
presented in Round 1 Tissue Exposure Point Concentrations (Kennedy/Jenks
Consultants 2004b) and Salmon, Lamprey, and Sturgeon Tissue Exposure Point
Concentrations for Oregon Department of Human Services (Kennedy/Jenks
Consultants 2004c), both of which were approved by EPA—. The process for deriving
EPCs for in-water sediment, surface water, and groundwater seeps was previously
described in Exposure Point Concentration Calculation Approach and Summary of
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Exposure Factors (Kennedy/Jenks Consultants 2006), which-was-approvedas
approved by EPA—.

EPCs used-for RME evaluations were-caleulatedfor-asarerepresent either the 95%
pereent upper confidence limit-on the arithmetie mean-(95% percent UCL,)- and or
the maximum detected value when either there was insufficient data to calculate a
UCL or the calculated UCL was greater than the maximum reported value—. EPA
gmdaﬂe%AAHewever—aslthough -inconsistent w1th EPA guldance (EPA 1992),

b 0 MG-EPCs for
thesevelcatsedlment and surface water CTE evaluatlons representwere calculated as
the simple arithmetic- meanmean-as-previously-asreed-to-byvEPA and the LWG.
EPCs for fish/shellfish consumption scenarios are the lesser of the 95 percent UCL or
the maximum detected concentration, central tendency evaluations were achieved by
using mean or median consumption rates.— -For analytes with less than 5 detected
concentrations, the maximum detected concentration for that exposure arca was used

as the EPC for the RME evaluation—. The uncertainties assomated with estimating
EPCs from small datasets-G 3 e H ations) and with using

the maximum detected concentration as the EPC are discussed in Section 6—. The 95
percent UCLs were calculated for each dataset following EPA guidance (EPA 2002a
and EPA 2007b)—. ProUCL version 4.00.02 (EPA 2007b) was used to test datasets

for normal, lognormal, or gamma distributions and to calculate the 95 percent UCLs-

data dld not exhibit a dlscernable dlstrlbutlon anon- narametrlc approach éeg—
Chebyshev)-was used to generate a UCL—. The 95 percent UCLs were calculated
us1n,q the method recommended by ProUCL guidance (EPA- 20()7b)—fer—t-he—d&t—a

Prior to calculating EPCs, the forsedimentsurface-water;-tissue-and-groundwater
seeps;-data were reducedevaluated; as-needed;-to address reporting of multiple results

for the same eenstiteent-analyte in the same sample and to reduce laboratory
duplicates and field splits of samples to derive ene-a single value for use—. Data
reductions performed within the SCRA database followed the rules described in
Guidelines for Data Reporting, Data Averaging, and Treatment of Non-Detected
Values for the Round 1 Database Technical Memorandum (Kennedy/Jenks

Consultants et al—. 2004)— Additional data reductions-and data use rules specific to

Chemiealsthat-wereSample results are reported as not detected at-when the

concentratlon of the analyte in the samnle is less than the detection limit—. The actual

may-representconeentrations-that-aremay be zero.-or-may-represent-conecntrations-,
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or greater—thaﬂsome value between Zero bﬂ{—less—thaﬂand the detectlon hmlt— e

ea%ea%a%mg@é%;%—kﬁ@kﬁm*@@s—feﬁhe—&k@—e%u&ﬂm&s—ﬂhe following
rules were applied to the datasets for tissue-(based-en-speecies-and-tissue-type),

sediment, surface water, and the-groundwater seep_samples:

1. AHa chemical was assumed to not be present if was not detected in any
sample for a given medium within the Study Area, it-was-assumed-to-not-be
present;so-and-an EPC was not calculated for that chemical in that medium

2. AlMa chemical was presumed to be present if it was detected at least once
within the Study Area in samples for a given medium;.— -the-ren-deteetWhen
calculating the 95 percent UCL, non-detects-eoncentrations- were used in the
calculation in-the RME EPC calculations-in-accordance-with-the methods-used
as recommended by #r-the seftware- ProUCL software. Version4-00-02(ERPA
20075)—ProUCL software output for the 95%- percent UCLs calculated in
this BHHRA are provided in Attachment F4-—. EerpurpesesofWhen
calculating the simple mean-eeneentration, non-detected values were replaced
with one half their detection limit in the calculations.

3. Non-detects for which the detection limit was greater than the maximum
detected concentration in an exposure area were removed from the dataset

prior to calculating EPCs.

<+~~~ 7| Formatted: Indent: Left: 0.5", No bullets or
numbering

In-risk-charaeterization; semeCertain toxicity values are based on exposure to
chemical mixtures and-snetrather than to individual chemicals—Fherisksfrom-these
chemiealswhieh-, as were-identified in Human Health Toxicity Values Interim
Deliverable (Kennedy/Jenks Consultants 2004a). ; Concentrations of the individual

isomers or congeners that comprise the mixtures were summed as described in
Section 2.2.8 to calculate the EPCs for the mixtures, and the risks from these

chemicals were evaluated for-the-combined-exposure-to-the-chemicals-and-neton

anon the basis of the combined mixture and-netrather than tefor individual chemical

basis—and-cForchemicals-that-were-evaluated-asmixturesin-the BHHR A the
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5213.4.1 Beach Sediment Outline numbered + Level: 3 + Numbering
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Sediment EPCs for beach sediment were calculated using data collected during + Aligned at: 0.31" + Tab after: 1" + Indent
Rounds 1 and 2 from locations designated as human use areas durlng Round 1 and 2, a1
add-r&eﬁai bBeach sediment data was not collected from human use areas for-during
Round 3.
One composite sample was collected from each beach area—, and Therefore;-the
results from the-each composite sample were was used-for-both-the-95% pereent
UGI:#maaeaﬂdas—eh%meaﬂ—as the EPCs for the beth-the RME and CT evaluatlonss that
5211 Dockside Workers <~ — = - Formatted: Body Text Indent,Default

Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
3 Char,Body Text Indent Charl Char Char,Body
\ Text Indent Char Char Char Char,Body Text
‘.| Indent Charl Char Char Char Char,level 2, No
\\ bullets or numbering

werk%s—empleyed—?&es&ma%%an—E%@fer—eaehWhen evaluatlng exposure for

dock81de workers at industrial sites, the same EPC was used to represent adjacent

Formatted: Indent: Left: 0.5", No bullets or
numbering

asseera%ed—wﬁh—that—rndustnal—a%ewere+rsed—Lﬁn 1nstances where the beach area
extends-extended across n}u&ﬁp}&mdlwdual ndustrial-site boundarress—the—same—EPG

wefkef-seenaﬁe—are—presen{ed—m—T&b}e%-Q— Otherwrse each desuznated beach area

was evaluated as a single exposure area for transients, recreational beach users, and
recreational/subsistence and tribal fishers—. Beach sediment exposure areas are
presented on Map 2-1, EPCs for dockside workers are presented in Table 3-2, EPCs
for transient, recreational, and fishing uses are presented in Table 3-3.
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sediment weuld-enly-is most likely to occur swith-in the near-shore areas outside of

the navigation channel-—. surfacesedimentTse-thus, only surface sediment data
collected €less than 30.5 cm in depth_and} eelleeted-outside of the navigation channel
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were used m—to est&matmg—t—h%EPGs—fer—exposure to in-water sediment-expesures—.

+- — — 7| Formatted: Body Text Indent 2, Space After:
12 pt, No bullets or numbering

ehamael)—lm—water sednnent EPCs are calculated in one--half- river-mile segments

along both s1des of the r1ver—wefe—used—tede¥elep—EPGs—fer—m—water—sed—m&eﬂt—EPGs—

als&ealeu-lated—fer—thede*mstream—re&eh—eﬁhemeefrom RM—RM l 0to RM- —1—9—
the-dewntown reach-oftheriver frem RMRM-H-8—12.2, and for samples within

Multnomah Channel;peran-agreement-with- EPA—.

- ‘[Formatted: Body Text Indent 2, Space After:
12 pt

el-lstﬂbuﬂeﬂ—sampl%-z%and—skewness—ln Water sed1ment EPCs for exposures by in-

water workers, divers, and recreational/subsistence/tribal fishers are presented in
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5:2.33.4.3 Surface Water

Exposure concentrations in sSurface water were calculated using data cefapprepriate
data-gualityeollected within the Study Area-, as well as the transect data collected
from the mouth of Multnomah Channelwere-tused-to-estimate EPCs—. Both integrated
and non-integrated water column surface-watersamples were-colectedwithinthe
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Study-Areaand-were usedincluded in the data set, the s-in-estimating-the-surface
water ERCs—SThespecific samples used te-estimate EPCs-for-eachreceptorwere
dependent upon the anticipated exposures_by the different receptors-ef-thatreceptorte

. - - — 7| Formatted: Outline numbered + Level: 4 +
5.2.3.1——SBecause s| Transients * ;
e S urface water e Numbering Style: 1, 2, 3, ... + Start at: 1 +
Exposures bV transients tLransient exposures to-surface-watercouldm may occur Alignment: Left + Aligned at: 0.75" + Tab

after: 0.88" + Indent at: 1.38"

throughout the year-at-transientuse-areas-within-the-Stady-Area—As-aresultForthis
reasen, data-EPCs were calculated using data from all seven efthe-eompleted
seasonal sampling events-were-tsed—. The data from— each of the five transect
locations were combined as described in Section- 2.2.6. and EPCs were calculated for
those ﬁve locations, at Wlllamette Cove using the dlscrete %est}ma%mg—th&sﬂltfaee

samples, and on a HarberStudy Area-wide basis using the combined transect data
from within the Study Area, excluding the transect location W027, which was
collected at the mouth of Multnomah Channelwefe—a}seeeﬂeeted—a{—\l&irﬂame&e—eev&
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recreational beach users atreereational-use-areas-withinthe Study-Areacouldis

l—argel%%eeeetedwas assumed to occur prlmarlly during summer months—at

feefeat,eﬂmﬁﬁmmﬁb%%_mﬁeﬁ% Therefore 3
only data from the low-water sampling event conducted in July 2005 thatsampling

event-were used #r-for es&m&ﬁﬂg— alculatrng the surface water EPCs—fer—reereaHeaa%

&ummeesamph&g—eve&t—rs—éseussed—&mtheem%eeﬁeﬂ—é—DThese data were collected

from recreational beaches in July 2005 included three transect locations and three
single-point locations (Cathedral Park, Willamette Cove, and Swan Island Lagoon)—

meaﬂ—EPGs—Surface water EPCs for exposures by recreatlonal beach users are
presented in Fable-Table 3--7.

5233 Di «— — — 7| Formatted: Outline numbered + Level: 4 +
e Numbering Style: 1, 2, 3, ... + Start at: 1 +
Diver-Eexposures to surface water by divers eould-waswere assumed to occur Alignment: Left + Aligned at: 0.75" + Tab

after: 0.88" + Indent at: 1.38"

throughout the-year-at-all-areas-within-the Study Area and waswere not considered
seasonally dependent— . Fherefore—fordivers—altbof the surfacewater data-colected
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seppreseh e e 2 B e L e D 2 D B O Gl
calculated in one-half mile intervals along each side of the river, and at each transect
location-—. Surface-water-EPCs in surface water for exposures by divers are presented
in Fable-Table 3--8.

5234 D in AL U «- — — 7| Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
UThe-hypothetical-use of untreated-surface water as a domestic water source eould Alignment: Left + Aligned at: 0.75" + Tab

after: 0.88" + Indent at: 1.38"

was assumed to have the potential to occur within-at any location through the Study
Area threugheut-the-yearon a year-round basis—. As-arestltAccordingly, data from

all seven efthe-completed-seasonal sampling events were used-in-estimatingthe
surface-water EPCsfor-the-domestie-wateruser—. EPCs were determined-calculated

for all individual transect stations and for single point stations with vertically

1nte grated samplesdata%&d&t&se&me}aéeé&&mples—ﬁef&the—feﬂﬁfaﬂse%smﬁeﬂs

frem— In addltlon data from locatlons where co- located near-bottom and near-
surface surface-water stations-where-beth-samples were collected be-were averaged
and used in the domestic water dataset. Study Area-wide EPCs included all vertically

1ntegrated samples—. Franscet-datawercusedto-estmate HPCsHforhyvpothetieal

w—afeepfor— - the hypethetieal-use of untreated-surface water as a domestic water source
are presented in Fable-Table 3--9.

— — 7| Formatted: Outline numbered + Level: 3 +

5:243.4.4 Groundwater Seeps I Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.31" + Tab
As discussed Section 2.1.4, Outfall 22B, which is located on the west side of the river after: 1"+ Indent at: 1"

at RM-RM 7, _was the onlv seep 1dent1ﬁed Dﬂceet—eeﬂtaet—wﬁh—gfeaﬁdwatepweuld

greﬁﬂdwater—”Ph%eﬂ-l-ngretmdwatereepwhere dlrect contact could occur within the
Study Area— Data from two sampllng events—ts—wﬁhm—th%peten&al—ﬁﬂaﬁs%nt—us%area

88



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

Gfeunelwater—seepflihese were used to calculate the %EPC and the results are
presented in Fable-Table 3--10.

— — 7| Formatted: Outline numbered + Level: 3 +

5253.4.5 Fish and Shellfish Tissue Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.31" + Tab
EPCs Eish-for fish and shellfish tissue ERCs-were derived-calculated frem-using after: 1" + Indent at: 1"

tisste-sampling resultsdata collected in -ef the the EWG-Round- 1, Reund
Round 2, and Reund-Round 3 investigations, and the ODHS study.—._Fish—tissue

EPCsarc-presented-in-Tables 3-H-through-3-2 1-and-shellfish-tissue EPCs-are
presented-in-Tables 3-22-theugh3-25—The-EPCs derived from Round 1 data were

originally presented in Round 1 Tissue Exposure Point Concentrations
(Kennedy/Jenks Censultants-Consultants 2004b)which-was-approved-by EPA—.
EPCs derived using the results of the ODHS study were originally presented in
Salmon, Lamprey, and Sturgeon Tissue Exposure Point Concentrations for
Oregon Department of Human Services (Kennedy/Jenks Consultants

200401 fPhes%EPGs—wer%deﬂved—fepﬁsalee}es—aﬁd—emyﬁsh—th&Fwefe

Smallmouth bass were collected and composited over a per river mile—. EPCs—
whole body and fillet—were calculated for smallmouth bass at each perriver mile

as well as for the entire Study Area_consistent with their small home range;as
speetfiedin-perthe Programmatic- Work-Plan—. EPCswere-caleulated-for-both
whele-body-and-filletsamples:
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Common carp, black crappie, and brown bullhead were collected and composited
within river segments designated as fishing zones, which are largely based based
i-parton the home range of the fish as determined in a study of anadromous fish
in the LWR by the Oregon Department of Fish and Wildlife (ODFW 2005)—. Fer
Fishing zones in Reund-Round 1 eensisted-of two-data-collection;there-were-twe
Lehrethecetle Tope i oo vome o cenpend ooy desionaied
three-mile segments: at RM-RM-RM 3--6 and RM-RM-RM 6--9—. Eer-Round- 3;
which-data-eoHeetion,—whieh-included additional samples of common carp (enly
eoleetion-but not black crappie or brown bullhead); there-were-and-was-dividedin
tofrom three separate four mile long fishing zones that extended over four-mile
segments_:at RM-RM-RM 0--4, RM-RM-RM 4--8, and RM-RM-RM 8--12—.
EPCs -for common carp, black crappie, and brown bullhead were calculated as
whole body and fillet for each fishing zone #n-from which they were sampled, as
well as for the entire-samplingarea-to-representthe-entire-Study Area-wide
e = e b Do o b s boc e Dl e b

Adult salmon anddamprey-were collected at the Clackamas fish hatchery, -and
Willamette Fallsrespeetively-adult lamprey were collected at Willamette Falls,
and sturgeon were collected at-various-loeations-throughout the Study Area—.
Salmon were analyzed as whole body, fillet with skin, and fillet without skin
composite samples—. Lamprey were analyzed only as whole body composite
samples, sturgeon were analyzed only as fillet without skin composite samples—.
EPCs were calculated for each species accordingly as average concentrations
representative of the entire Study Area.

Crayfish and clams were collected and composited at each sampling location—.
EPCs for crayfish were calculated for each individual location as well as for the
entire Study Area—. EPCs for clams were calculated for both depurated and
undepurated samples per river mile on each side of the river, as well as for the
entire Study Area—. EPCs were also calculated for crayfish and clams collected
between RM- 1.0 and 1.9 and between RM- 11.8 and 12.2, per an agreement with
EPA.

EPCs for ﬁsh tissue are presented in Tables- 3--11 through 3--21, and EPCs for
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The amount of each chemical incorporated into the body is defined as the dose and is

expressed in units of milligrams per kilogram per day (mg/kg-day)—. The dose is

calculated differently when evaluating carcinogenic effects than when evaluating
noncarcinogenic effects—. Each is described below:

NeoneareinogensNon-cancer effects:— The dose is averaged over the estimated
CrposUTe periode—, e den e e b come s e i b s ooge o e ol s
effects-are notexpected-oceurafter exposure-haseeased—Thus, the ADD is used to
represent the potential for adverse health effects over the period of exposure.

CareinogensCarcinogenic effects:— The dose is based on the estimated exposure
duration, extrapolated over an estimated 70-year lifetime—. This is consistent with the
cancer slope factors, which are based on lifetime exposures, and on the assumptions
that the risk of carcinogenic effects is cumulative and continues even after exposure
has ceased.

For non-occupational scenarios where exposures to children are-alse-expected-to-be
presentare considered likely, both adult and child receptors were evaluated. beecause
Cehildren often exhibit behavior such as outdoor play activities and greater hand-to-
mouth contact; that can result in greater exposure than for a typical adult. In addition,
children also have a lower overall body weight relative to the predicted intake.
Because cancer risks isare averaged over a lifetime, i#they isare directly proportional
to the exposure duration as well as the dose and the potency of the chemical.

Accordingly, cancer risks were also assessed for a combined exposure from
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childhood through adult years, to account for the increased relative exposure and
susceptibility associated with childhood exposures.

Superfund exposure assessments should be conducted such that the intake variables
for an exposure pathway should result in an estimate of the reasonable maximum
exposure (RME) expected to occur under both current and future land use conditions
(EPA, 1989)—. The RME is defined as the highest exposure that is reasonably
expected to occur at a site—. The intent is to estimate an exposure that is substantially
greater than the average, yet is still within the range of possible exposures—. In
general, this is accomplished by using a combination of 90" or 95™ percentile values
for contact rate, exposure frequency and duration, and 50 percentile values for other

intended to represent an average exposure by the affected population—.— EPA989)

references for each of the E and CT values for exposure pathways that were
quantitatively assessed for each exposure scenario for different populations are
presented in exposure factor Tables 3-26 through 3-30 and discussed in the following
sections.

3.5.1 Incidental Ingestion of-Seiland Sediment

The following equation was used to calculate the intake (expressed as milligrams per

kilogram per day [mg/kg-day]) associated with the incidental ingestion of
contaminants in soil or sediment:
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CxIRS x 10" kg/mgx EF x ED
BW x AT

CDI/LADI =

Age-weighted exposures for the combined child and adult receptors were calculated
using the following equations:

C,xIFS ;< EF x 10~ kg/mg

CDI / LADI =
AT
where: ..
IFS,, = ED, xRS, , ED,xIRS,
i BW, BW,
where: ..

C, = chemical concentration in soil or sediment (mg/kg)
IFS,4 = age-adjusted soil/sediment ingestion factor [(mg-year)/(kg-day)]

IRS, = adult soil/sediment ingestion rate (mg/day)

IRS, = child soil/sediment ingestion rate (mg/day) =
EF = exposure frequency (days/year)

ED, = adult exposure duration (years)

ED. = child exposure duration (years)

BW, = adult body weight (kg)

BW,. = child body weight (kg)

AT = averaging time (days)

The exposure assumptions for estimating chemical intake from the ingestion of

chemicals in sefl-and-sediment are provided in Tables 3-26 and 3-27. __— { Formatted: Not Highlight
o ‘[Formatted: Not Highlight

3.5.2 Dermal Contact with Seil-er-Sediment

The following equation was used to calculate the-dntakeexposure resulting from
dermal contact with contaminants in soil or sediment:

Cyx ABS x SA x AFx EF x EDx107° kg/mg
BWx AT

CDI/LADI =

Combined child and adult aThefollowingage-weighted equationexposures resulting
from-was-used-to-caleulate-the-intake-from dermal contact with contaminants in
sediment for the recreational beach user exposure scenarios:

Cyx SFS ;% ABS x EF x 10~ kg/mg
AT

CDI / LADI =
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where: <+ aln ‘[Formatted: Indent: Left: 0.5"
ED x AF xSA, ED,xAF, xSA4
SFSali] — C [ C + a a a
BW, BwW,
where: “ e ‘[Formatted: Indent: Left: 0.5"
Cs -= chemical concentration in soil or sediment (mg/kg)
SFS,q4= -age-adjusted dermal contact factor [(mg-year)/(kg-day)] <~~~ 1 Formatted: Indent: Left: 0.75", Tab stops:
_ : : 1.19", Left + 1.38", Left + Not at 0.94" +
ABS = absorption efﬁcu.ancv . , 113"
SA, = adult exposed skin surface area (square centimeters [cm~])
SA. = child exposed skin surface area (cm®)
AF, = adult soil-to-skin adherence factor (mg/cm?)
AF.__= child soil-to-skin adherence factor (mg/cm?)
EF = exposure frequency (days/year)
ED, = adult exposure duration (years)
ED. = child exposure duration (years)

BW, = adult body weight (kg)
BW, = child body weight (kg)
AT = -averaging time (days

The exposure assumptions for estimating exposure from dermal contact with soil or

Dermal absorption of chemicals from soil or sediment adhered to the skin is
dependent on a variety of factors, including the condition of the skin, the nature of
adhered soil/sediment, and the chemical concentration—. Dermal absorption factors,
representing the fraction of a chemical absorbed from soil or sediment adhered to the
skin, are presented in Table 3-31—. Only those compounds or classes of compounds
for which dermal absorption factors are presented were evaluated quantitatively via

dermal contact, although assuming less than complete absorption may not fully
describe risks associated with dermally active compound such as carcinogenic PAHs-

. The uncertainties associated with the exposure and risk estimates via dermal
exposures with soil and sediments are presented in Section 6.

i — — 7| Formatted: Outline numbered + Level: 4 +
3.5.21  -Ingestion of Surface Water Numbering Style: 1, 2, 3, ... + Start at: 1 +
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Exposure resulting from ingestion of

surface water was evaluated using the following equation:
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C,x IR, x EF x ED x107°kg/mg

CDI / LADI =
BW x AT
Combined child and adult age-weighted exposures due to ingestion of surface water ... - { Formatted: Font: Times New Roman, 12 pt_|
were calculated as follows: B { Formatted: Left, Indent: Left: 0.5" ]
C xIFW, ,xEF
CDI/LAD] =—"—
AT
where: == ‘[Formatted: Indent: Left: 0.5" ]
ED IR ED IR
IFW,, X IRW. < IRW,
BW, BW,
where: - ‘{Formatted: Indent: Left: 0.5", Tab stops: Not }
at 1"+ 1.19"
Cw = chemical concentration in water (mg/L)
IFW,4 = age-adjusted water ingestion factor [(L-year)/(kg-day)]
IRW, = adult groundwater ingestion rate (L/day)
IRW, = child groundwater ingestion rate (L/day)
EF = exposure frequency (days/year)
ED, = adult exposure duration (years)
ED. = child exposure duration (years)
BW, = adult body weight (kg)
BW, = child body weight (kg)
AT = averaging time (days)
The exposure assumptions for estimating chemical intake from the ingestion of
groundwater or surface water are provided in Tables 3-28 and 3-30.. - { Formatted: Not Highlight ]
o ‘[Formatted: Not Highlight ]

3.5.3 Dermal Contact with Surface Water

Fhe-Dermal absorption of contaminants due to direct contact with surface water was
evaluated using the following equation-was-used-to-calculate-the-dose-associated-with

dermalcontactwith-surface water:

CDI / LADI - DA, xEV xEF x ED x EF x SA4
AT x BW

The combined Chlld and adult aflih%fellewmg—age welghted eq&aﬂeﬁexposure was

s&pﬁaee—wafeercalculated as follows

C,xSFW,;xK,x EFx ETxCF
AT

CDI/LADI =
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ED x SA, ED x SA
SF Wi — “
BW, BW,
Where: < {Formatted: Indent: Left: 0.5", Keep with next ]
Cww__ = chemical concentration in water (mg/L)

DA yen=_dermally absorbed dose (mg/cm*-event)

SFW,q = age-adjusted water dermal contact factor [(cm’-year)/kg]

K, = dermal permeability coefficient (cm/hour)
EF = exposure frequency (days/year)

ET = exposure time (hour)

CF = Conversion Factor (0.001 L/cubic centimeter)
ED, = adult exposure duration (years)

ED. = child exposure duration (years)

SA, = adult exposed skin surface area (cm?)

SA. = -child exposed skin surface area (cm®)

BW, = adult body weight (kg)
BW,. = child body weight (kg)
AT = averaging time (days)

-

associated with calculating DA .ven: for chemicals with factors outside of the

predictive domain are discussed in Section 6.

3.5.4 Consumption of Fish/Shellfish

(ol for s  fish e .
anglers)site-speeifie-fish-tissue-data-were-used—The following equation was used to
estimate ehemiealintakeexposure associated with the consumption of fish and
shellfish:

C,xIRx107"kg/gxEF x ED
BW x AT

CDI/LADI =

Combined child and adult exposure was evaluated using the following equation:
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CxIR . x107kg/gxEF
CDI/LAD] =—— =4 £’
AT
where:
R’ = ED xIR,  ED,xIR,
d BW, BW,
where:

C. = Contaminant concentration in fish tissue (mg/kg, wet-weight basis)
IR,. = Fish ingestionconsumption -rate - child (g/day. wet-weight basis)

presented in Table 3-29. N
************************************************ N {Formatted: Indent: Left: 0.5"

E \[ Formatted: Not Highlight

3.5.5 Calculation of Intake due to Infant Consumption of Human Milk

IR, = Fish consumption rate - adult (g/day, wet-weight basis)

+— — ~ 7| Formatted: Indent: Left: 0.5", Tab stops:
EF = Exposure frequencv (davs/vear) 1;2 Left + 1.38", Left + Not at 1.06" +
ED,. = Exposure duration — child (years) -

R RNDY o ., N T T T T T T Formatted: Indent: Left: 0.75", Tab stops:
ED, = Exposure duration —adult (years) 113 Left+ 1.38", Left + Notat 0.81" +
BW, = Body weight —child (key Yo (Loe
BW, = Body weight—adult (kgy \\\\{ Formatted: Subscript ]
AT = Averaging time (days) \\\\ {Formatted: Subscript ]

\ \
. . X N {Formatted: Subscript ]
The exposure assumptions used to estimate exposure from fish consumption are AN \{ -
S Formatted: Subscript ]

Exposure to breastfeeding infants due to consumption of human milk was evaluated <+~ - - { Formatted: Indent: Left: 05"
using a methodology developed by ODEQ, OHA, and EPA Region 10, and-adapted

from EPA’s Methodology for Assessing Health Risks Associated with Multiple
Pathways of Exposure to Combustor Emissions (EPA 1998a) and the Human Health
Risk Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 2005a),
and is described in detail in Appendix D of the DEQ Human Health Risk Assessment
Guidance (DEQ 2010)—. The evaluation for this pathway focuses on PCBs,
dioxins/furans, DDx, and PDBEs because of the propensity of these chemicals to
bioaccumulate—. Because the concentration of lipophilic chemicals in human milk is
most directly correlated with the lone-term-steady-state body burden-, which itself is
directly related to the long-term-RMrm- intake of the chemical, the daily maternal
absorbed intake is calculated from the average daily dose to the mother (as calculated
in the preceding sections) using the following equation:

DAI ADD.,, rna X AE . - ‘[Formatted: Centered, Indent: Left: 0.5" ]

maternal ~ m

where:

97



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011
DALyaemna = daily absorbed intake of the mother (mg/kg-day) _________
ADD naemal =_age-adjusted soil/sediment ingestion factor (mg/kg-day)
AE = absorption efficiency of the chemical
The steady-state chemical concentration in milk fat is then calculated as:
DA[maternal x h x ff
Cmitk/az Y
In(2)x £,
where:
Cpili, = chemical concentration in milk fat (mg/kg-lipid) =~
DAl aemal = daily absorbed intake of the mother (mg/kg-day)
h = half-life of chemical (days)
fp = fraction of absorbed chemical storedinfat
ffin = fraction of mother’s weight that is fat

Intake for infants via breastfeeding is then calculated as:

Intake _ Cmilkfat x mbm x CRmilk x EDinf

BW,, x AT

AT = averaging time (days)

3.5.6 CaCalculation of Intake for Mutagenic COPCs

leulati : ke f .
Early--in-life susceptibility to carcinogens has long been recognized by the scientific
community as a public health concern—. In its revised Cancer Assessment Guidelines,
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EPA concluded that existing risk assessment approaches did not adequately address
the possibility that exposures to a chemical in early life may can result in higher
lifetime cancer risks than a comparable duration adult exposure (EPA 2005b)—. In
order to address this increased risk, the agency recommends use of a potency
adjustment to account for early-in-life exposures—. When no chemical-specific data
are available to assess directly cancer susceptibility from early-life exposure, the
following default Age Dependent Adjustment Factors (ADAFSs) are recommended to
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be used when evaluating a carcinogen known to cause cancer through a mutagenic
mode of action.

 10-fold adjustment for exposures during the first 2 years of life;
* 3-fold adjustment for exposures from ages 2 to <16 years of age; and

* No adjustment for exposures after turning 16 years of age.

Of the COPCs evaluated in this HHRA, EPA considers that there is sufficient weight-
of-evidence to conclude the carcinogenic PAHs cause cancer through a mutagenic
mode of action, Bestai A comidbaeniion ol snele s one seosonppn s

T dontial | onal beacl .

3.5.7 Incidental Ingestion of Sediment

” | . £ Sedi

The following equation was used to calculate the intake in mg/kg-day for mutagenic
COPCs associated with incidental ingestion of soil or sediment:

(ED,,xIRS,)x10  (ED,,xIRS)x3

BV, B,
C, x x EF
(ED; ;s xIRS,)x 3 . (ED,4 ;o xIRS ) x 1
BW, BW,
CDI/LADI = ! !
AT
where: - - ‘[Formatted: Indent: Left: 0.5
(0N = chemical concentration in soil or sediment (mg/kg)
IRS, = adult soil/sediment ingestion rate (mg/day)
IRS, = child soil/sediment ingestion rate (mg/day)
EF = exposure frequency (days/year)
EDy., = exposure duration ages 0-2 (years)
ED».¢_ = exposure duration ages 2-6 (years)
EDg¢.16. = exposure duration ages 6-16 (years)
EDj6.30_ = exposure duration ages 16-30 (years)
BW, = adult body weight (kg)
BW,. = child body weight (kg)
AT = averaging time (days

3.5.8 Dermal Contact with Sediment

| il .

The following equation was used to calculate the intake from dermal contact with
contaminants in soil or sediment:
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ED, ,xAF. x84, x10 N ED, ., x AF xSA, 3 N
BW, BW, »
Cyx x ABS x EF x 10™° kg/mg
ED, ,xAF, x84, %x3 N (ED,; ;) x AF, xSA, x 1
BW. BW
CDI / LADI = 2 =
AT
where: Ny~ ~ ‘[Formatted: Indent: Left: 0.5"
Cs = chemical concentration in soil or sediment (mg/kg) === W Formatted: Indent: Left: 0.81", Space After:
— ; ; 0 pt, Tab stops: 1.38", Left + 1.63", Left +
ABS absorption efﬁ01§ncy _ , Not at 106" 4 1.91"
SA, = adultexposed skin surface area (square centimeters [cm~])
SA. = child exposed skin surface area (cm®)
AF, = adult soil-to-skin adherence factor (mg/cm?)
AF. = child soil-to-skin adherence factor (mg/cm®)
EF= = exposure frequency (days/year)
EDy., = exposure duration ages 0-2 (years)
EDy = exposure duration ages 2-6 (years)
EDg 16 = exposure duration ages 6-16 (years)
EDj630 = exposure duration ages 16-30 (years)
BW, = adultbody weight (kg)
BW, = child body weight (kg)
AT = averaging time (days)

3.5.9 Ingestion of Surface Water

—Ingestionof Surface \Water
The following equation was used to calculate intake of chemicals associated with
ingestion of surface water:

(ED,., < IRW,)x10 _(ED,,xIRW,)x3

BW, BW,
C, x xEF
(ED; ;s xIRW )x3 N (ED,; ,, xIRW, )x 1
BW, BW,
CDI/LADI= 2 2
AT
where:
Cww__ = chemical concentration in water (mg/L)

IFW.q = age-adjusted water ingestion factor [(L-year)/(kg-day)]
IRW, = adult groundwater ingestion rate (L/day)

IRW,. = child groundwater ingestion rate (L/day)
EF = exposure frequency (days/year)

7
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EDy, = exposure duration ages 0-2 (years)
ED,¢_ = exposure duration ages 2-6 (years)
EDg¢.16__ = exposure duration ages 6-16 (years)

EDj¢.30_= exposure duration ages 16-30 (years)
BW, = adult body weight (kg)

BW, = child body weight (kg)

T = averaging time (days

A

_ EPCxIRxEF xED
BW x AT

— — | Formatted: Outline numbered + Level: 3 +

5:3-43.5.10 Population-Specific Exposure Assumptions Numbering Style: 1, 2, 3, ... + Start at: 1 +
. . . . Alignment: Left + Aligned at: 0.31" + Tab
Assumptions about each receptor population evaluated in this BHHRA were used to after: 1"+ Indent at: 1"

select exposure parameters used to calculate the pathway-specific chemical intakes—.
SCurrenthyssite-specific values are not available for all populations and pathways—.
Therefore default Values representatlve of the general U.S. populatlon (EPA 1991b) 5

a%ﬂab}%exﬁesufeor Values wer%seleetedﬂsmrepresentmg best profess10nal

judgment based on knewledge-ofknown human uses of the Study Area;-ot
requirementsfromEPA were used;-were-used—. The majority of the
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Eexposure parameters that-were-used in this BHHRA te-ealenlate-the CDls-and
EADIsformestreceptors-were previously ineluded-described in the Exposure Point
Concentration Calculation Approach and Summary of Exposure Factors
(Kennedy/Jenks Consultants 2006), which was approved by EPA—. Eer-divers-the
Eexposure parameters for drvers were provrded by EPA +n—a—d1reet1¥e—d&ted

E—P—A—ll‘l its comments on the Reuﬂd-Round 2 Report— The exposure parameters are
discussed below and presented in Fables-Tables 3--26 to 3--30—. These values
represent potential exposures for application at appropriate areas and/or areas agreed

upon with EPA and its partners W1th1n the Study Area— - Execeptwhere-speeifically

: <«- — — 7| Formatted: Outline numbered + Level: 4 +
53-4413.5.10.1  Dockside Workers Numbering Style: 1, 2, 3, .. + Start at: 1 +

Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

en—a—dai-ly—basrs—Exposure frequency for docks1de workers was assumed to be 200

days/year for the RME evaluation, and 50 days/year the CT evaluation—. The value
of 200 days/year is slightly less than the EPA default exposure frequency of 225
days/year for outdoor workers, and represents the average number of days worked per
year according to the U.S. Census Bureau’s /1990 Earnings by Occupation and
Education Survey—. An exposure duration of 25 years was used, representing an EPA
default value for the RME estimate of job tenure—. This value is consistent with data
from the U.S. Bureau of Labor Statistics showing that the 95" percentile job tenure
for men in the manufacturing sector is 25 years—. The CT estimate assumed duration
of 9 years, representing approximately the 50" percentile of residence time estimates
from the U.S. Census Bureau data (EPA, 1997)—.

A sediment ingestion rate of 200 mg/day was used for the RME evaluation, based on
EPA Region 10 supplemental guidance on soil ingestion rates (EPA, 2000a), and is
representative of approximately the midpoint between the recommended values of
100- mg/day for outdoor workers and 330- mg/day for construction workers—. An
ingestion rate of 50 mg/day was used to estimate CT exposure—.
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Dermal exposure was assessed assuming that the face, forearms and hands are
B . 2 B B
exposed, representing an exposed skin surface area of 3,300 cm”, which is

representative of the median value (50" percentile) for adults—. A body weight of 70
ke, representing the 50" percentile of mean body weights of men and women - {Formatted: Superscript }

combined (EPA, 1997a) was used for all adult receptors—. RME and CT exposure

values for dockside workers are presented in Table 3-26. —SHHH&&H—Z-&S—RNI—E—&Hd—GF

«— — — 7| Formatted: Outline numbered + Level: 4 +
53-4-23.5.10.2 In-Water Workers Numbering Style: 1, 2, 3, ... + Start at: 1 +

Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

m—water—sedimeﬁt—Accordlng to the Army Corps of Englneers (Supola 2004) the
Port of Portland conducts the most frequent dredging within the Study Area, se-thus
the exposure factors for workers at Terminal 4 are considered protective of in-water
workers for potential in-water sediment exposures throughout the Study Area-for

petentialHn—water sediment-expesures—. Exposure factors for in-water workers were
developed based on in-depth interviews with several workers at Terminal 4 who
either conduct or oversee activities that could result in contact with in-water
sediment. For the RME seenarioevaluation, in-water-workers-are-assumed-to-contact
in-water sediment exposures were assumed to occur for 10 years-during-of 25 years of
employment at a given facility, with an exposure frequency of 10 days of sediment
contact per year—, For the CT seenariogvaluation, in-water-workers-are-assumed-to
contact with in-water sediment is assumed fer-for 4 years-duringof 9 years-of
employment at a given facility, with an exposure frequency of 10 days of sediment
contact per year—. [The-in—waterwerkerexposurefactorintake rates for in-water
sediment are the same as those used for the dockside worker-ferbeachsediment,
which #-turn-are the same-as-default expesurefaetersingestion rate for-of soil for an
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industrial worker—. RME and CT exposure values for the in-water worker are

presented in Table 3--27-summarizes RME-and-CT-exposure-valuesfor the-in-water
workerand-the-reference-orrationale-toreachvalue,

- 7| Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"

‘[ Formatted: Body Text
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Alignment: Left + Aligned at: 0.75" + Tab
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Two different scenarios were evaluated, based on whether the divers wear wet or dry

suits—. Divers wearing wet suits are assumed to be working as commercial divers
without a full face mask, and wearing either wet gloves or no gloves—. An exposure

frequency of 5 days/year for the RME evaluation and 2 days/year for the CT
evaluation are based on best professional judgment and discussions between EPA
LWG, and commercial divers, as well as the experience of EPA divers who work at
the Portland Harbor Superfund site—. Exposure durations of 25 years and 9 years
were used for the RME and CT estimates, respectively, based on the labor statistics
for job tenure described in Section 3.5.409.1.

- ‘[Formatted: Indent: Left: 0"

Sediment ingestion rates were assumed to be 50 percent of the ingestion rate for <~~~ { Formatted: Pattern: Clear

dockside workers, corresponding to values of 50 mg/day and 25 mg/day, respectively

for the RME and CT evaluatlons— Ratesforincidental The-water-ingestion-of

Dermal exposure to sedlment was evaluated assumlng the entire skin surface area was
exnosed— : ration ’ a face -wate both-div

e*pesufeA value of 18, 150 cm’, renresentlng the median skin surface area for men

and women was used for both the RME and CT evaluations—. Divers wearing a dry
suit (with a neck dam) would likely have only their head, neck, and hands exposure,
and a RME value 0f 2,510 cm was used—. SThesediment dermal adherence factors

0.3 mg/cm’-event and 0.07- mg/cm event was used for the was used for the RME __— { Formatted: superscript

estimate and CT estimate, respectively—. A CT evaluation was not done for divers
wearing dry suits.

Incidental ingestion of surface water for both diver scenarios was assumed to be
50 mL/hour for both the RME and CT evaluatlons (EPA 1989)—based—en—the

.......... m DA

al—. More
recent data re,qardlng estimates of the amount of water 1n,qested by commerc1a1
divers— }indicates that ©on average, occupational divers ingested 6 mL/dive in
freshwater and 10 mL/dive in marine water, with the maximum estimated ingestion
ranging between 25 and 100/mL/dive (EPA 2011)—. eExposure via ingestion and
dermal contact was assumed to occur for 4 hours/event for the RME estimate and 2
hours/event for the CT estimate—.
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Tables 3--27 and 3--28 summarize exposure assumptions for the wet suit and dry suit
divers for in-water sediment and surface water, respectively.and-thereferenceor

e e e i e e
. «- — ~ 7| Formatted: Outline numbered + Level: 4 +
3.5.10.4 Transients Numbering Style: 1, 2, 3, ... + Start at: 1 +
Little information is available regarding how long individuals may remain at specific Alignment: Left + Aligned at: 0.75" + Tab

after: 0.88" + Indent at: 1.38", Pattern: Clear

locations or within the Study Area itself-—. Based on professional judgment, an
exposure duration of 2 years was assumed for the RME and 1 year for CT
evaluations, exposure frequency was assumed to be daily (365 days/year)—.
Incidental ingestion of sediment was evaluated at the same rates used for the dockside
workers (200 mg/day)—. Dermal exposure was assessed assuming that the face,
forearms and hands, and lower legs are exposed, representing an exposed skin surface
area of 5,700 cm®, which represents the median value for adults—. A soil adherence
factor of 0.3 mg/cm” was used based on the expectation that beach sediment would
have a greater moisture content than dry soil—. An ingestion rate of 2 I./day was used
for consumption of surface water, which represents the default value for domestic
water use—. Tables 3--26 and 3--28 summarize RME and CT exposure values for the
transient scenario for beach sediment and surface water, and the reference and
rationale for each value.
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valae:In the absence of specific information regarding the frequency of recreational
activities in Portland Harbor, potential exposures are based on best professional
judgment, assuming that beach use is most frequent in the summer, with less frequent
use in the spring/fall, and only intermittent use in the winter—. An exposure
frequency of 94 days/year (5 days/week during summer, 1 day/week during
spring/fall, and 1 day/month during winter) was used for the RME estimate and 38
days/year (2 days/week during summer, 2 days/month during spring/fall) was used for
the CT estimate—. Exposure duration for recreational activities is based on the
assumption that individuals are largely permanent residents of the Portland area—.

Accordingly, an exposure duration of 30 years, which represents approximately the
95" percentile of the length of continuous residence in a single location in the U.S.

population (EPA+ 1997) was used for the RME estimate—. More recent studies
described in the 2011 edition of EPA’s Exposure Factors Handbook show the 95"
percentile value is closer to 33 years, data from the U.S. Census Bureau indicate that
32 years represents the best estimate of residence time at the 90™ percentile—.
However, the value of 30 years is consistent with other Superfund risk assessments
nationwide, and represents a reasonably conservative estimate of total residence time
in the area—. An exposure duration of 9 years was used for the CT estimate—.

Sediment fingestion rates of 100 mg/day for adults and 200 mg/day for children were
used, approximating the 95" percentile soil ingestion rates—. CT estimates assumed
sediment ingestion rates of 100 mg/day for children and 50 mg/day for adults—.
Dermal exposures were evaluated assuming that the face, forearms and hands, and
lower legs are exposed—. Median values of 5,700 cm” and 2.800 ¢cm” were used for
adults and children, respectively—. A soil-skin adherence of 3.3 mg/cm>-day was
used for children to account for the greater moisture content of beach sediment—.

Water temperatures in the Lower Willamette River would typically limit swimming
to the summer months, thus swimming was assuminged to occur at a rate of 26 days
per year—. As discussed in Section 3.5.10.53, fincidental ingestion of river water
while-swimminewas assumed to occur at a rate of 50 mL/hour while swimming—.
Based on current recommendations, 50 mL/hr represents mean value, assuming
21mL/hr for adults and 49 mL/hr for children, upper-percentile recommended values
are 71 mL/hr for adults and 121 mL/hr for children(EPA 2011)—. Tables 3-26 and

3-28 summarize RME and CT exposure values for beach sediment and surface water,
respectively, for adult and child recreational beach users—.
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3.5.10.6 __Recreational/Subsistence Fishers

activities within the Study Area, a range of possible exposures was evaluated for
people who engage in recreational or subsistence fishing activities by considering
both a high- and a low-frequency rate of fishing—. RME estimates for high-
frequency (subsistence) fishers assumed a fishing frequency of 156 days/year,
approximating -a rate of 3 days/week—. Low-frequency (recreational) fishers were
assumed to fish 104 days/year, approximating a rate of 2 days/week—. CT estimates
assumed a frequency of 52 days/year and 26 days/year for high- and low-frequency
fishers, respectively, and are representative of assumed fishing frequencies of

1 day/week and 2 days/month—. People engaged in recreational or subsistence fishing
were also assumed to be residents of the greater Portland area, therefore exposure
durations of 30 years and 9 years, s-were used for the RME and CT evaluations,
respectively, based on the population statistics for residency discussed in Section
3.5.4099.5—.

%enpef—dﬁeewmﬁaemth—ﬁwa%eﬁsedimelme&la&ewnlﬂnmdental mgestlon of
beach sediment was evaluated assuming 100 mg/day for the RME estimate and 50
mg/day for the CT estimate, representative of soil ingestion rates in a typical
residential setting—. fRates of 50 mg/day for the RME estimate and 25 mg/day for the
CT estimate were used for incidental ingestion of in-water sediment, representing

50 percent of the rates efused fer—me}deﬁtaJ—seﬂ—mgesﬁeﬂ—m{em—a—%ieaJ—res&denﬂal
settingfor beach sediment—. An exposed surface area of 5,700 cm? , representing the

~ 7| Formatted: Outline numbered + Level: 4 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38", Tab stops: Not
at 0.88" + 1.13"

_ _ — 7| Formatted: Pattern: Clear (Custom
Color(RGB(255,102,153)))

- {Formatted: Superscript




Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

face, hands, forearms and lower legs was used to assess dermal exposure to beach
sediments, exposures to in-water Pirect-contactofsediment with-thewas assumed to

be limited to the hands and forearms corresnondmg to a surface area of 1,980 cm’—. - { Formatted: Superscript

adherence #fto skin iswas evaluated using a wel,qhted adherence factor based on

exposure to the hands forearms, and lower legs (EPA 2004).— in-water-sediment-was

percent was used to represent—th%pereent—ofaccount for the tlme snent fishing in a

single area within the Study Area—. EThe-exposure assumptions for beach and in-
water sediment contact for recreational/subsistence fishers are presented in
Tables 3-276 and 3-27

CurrentInformation currently available information-indicates that spring Chinook « ‘[Formatted: Pattern: Clear

salmon, steelhead, Coho salmon, shad, crappie, bass, and white sturgeon are the fish
species preferred by local recreational fishers (DEQ 2000b, Hartman 2002, and Steele
2002)—. In addition to recreational fishing, an investigation by the Oregonian

newspaper and limited surveys conducted on other portions of the Willamette River
indicate that immigrants from Eastern Europe and Asia, African-Americans, and

Hispanics are most likely to be catching and eating fish from the lower Willamette
either as a supplemental or primary dietary source (ATSDR 2002)—. These surveys

also indicate that the most commonly consumed species are carp, bullhead, catfish,
and smallmouth bass, although other species may also be consumed—. In
conversations that were conducted as part of a project by the Linnton Community

Center (Wagner 2004) about consumption of fish or shellfish from the Willamette

River, transients reported consuming a large variety of fish, and several said they ate
whatever they could catch themselves or obtain from other fishers—.

No studies were located that document specific consumption rates of recreational ofr «- - - ‘[Formatted: Pattern: Clear (Custom

subsistence anglers in Portland Harbor prror to its listing as a Superfund site.; and-any Color(RGB(198,217,241))

Survevs conducted subsequent to the l1st1n,q would not be renresentatwe of h1stor1cal
baseline consumption patterns due to subseguentsubsequent fish advisories and
efforts to limit consumption of fish caught from the harbor-weuld-netbe

representaml&o#histoﬂeal—baselmeeeﬂstmﬁorﬂeattems Therefore, fSpecifie

wrthm—theStudv—Area—Frsh cln—erder—to—assess—a—rang%o#%esures—eonsumpt1on
rates from published studies were used to describe the range of reasonably expected
exposures relevant to the different nonulat1ons known to oceur in the Portland Harbor
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T The fish-consumption-scenario-included-three different fish-fish

Hreestioneonestmphionrates were evaluated-m-the-human-health-risk-assessment:
17.5 grams per day (approximately 2 eight ounce meals per month), 73 g/ day (10
eight ounce meals per month), and 142 g/day per day (19 eight ounce meals per
month)—. The term-RMrm- “recreational fishers” is intended to encompass a broader
speetrumrange of the population—neldinethose-who-mayv-infrequentlycatch-and
consume-fish—as-well-as while focusing on those who may de-sefish on a more-or-
less regular basis, and “subsistence fishers” to represent populations with high fish
consumption rates, recognizing that fish are not an exclusive source of protein in their
diet. Accordingly, 17.5 g/day is considered representative of a CT value for
recreational fishers, and 73 g/day was selected as the RME value representing the
higher-end consumption practices of recreational fishers. The consumption rate of

142 g/day represents a RME value for high fish consuming, or subsistence, fishers.
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No CT value was selected because the evaluations based on 17.5 g/day and 73 g/day
inform-RMrm- the risks associated with lower consumption rates. Consumption rates
for children aged 6 years and younger were calculated by assuming that their rate of
fish consumption is approximately 42 percent of an adult, based on the ratio of child-
to-adult consumption rates presented in the CRITFC Fish Consumption Survey
(CRITFC 1994). The corresponding rates that were used for children are 7 g/day,

31 g/day, and 60 g/day.

The rates of 17.5- g/day and 142 g/day represent the 90™ and 99" percentiles,

respectively, of per capita consumption of uncooked freshwater/estuarine finfish and

shellfish efby individuals (consumers and non-consumers) 18 or older, as reported in
the Continuing Survey of Food Intakes by Individuals (CSFII) and described in

EPA’s Estimated Per Capita Fish Consumption in the United States -(EPA 2002b)—.
While the values are presented in terms of “uncooked weight,” it should not be
construed to imply that the fish are consumed raw, as the consumption rates represent
adjusted values to account for the amount of fish needed to prepare specific meals.
No adjustments were made to contaminant concentrations in raw fish tissue because
of the uncertainties associated with accounting for specific preparation and cooking
practices.

The CSFII surveys recorded food consumption for two non-consecutive days—. Eor
the-purpese-of-thereport—"eConsumers only” were defined as individuals who ate
fish at least once during the 2—day reporting period, individuals who reported not
consuming any fish during the reporting period were designated as “non-consumers.”’s
For comparison, the 90" and 99" percentile consumption rates for consumers-only
are 200 g/day and 506 g/day, respectively (EPA 2002b)—. Because of theTherefore;
the limitedshort time period ef-dietary-intake-colection-over which the survey is
conducted, the results characterize the empirical distribution of average daily per
capita consumption dees-notproduce-usualrather than describe true long-termRMrm-
i i - i — average ef-daily intakes
individual, Although 17.5 g/day represents a 90"
percentile value, it is considered an average consumption rate for sport fishers (EPA
2000d)—. Similarly, 142 g/day is considered to be representative of average
consumption estimates for subsistence fishers when compared to upper percentile
values for consumers only. However, the use of values representative of both non-
consumers and consumers is appropriate as it accounts for the fact that some portion
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The consumption rate of 73 g/day is from a creel study conducted in the Columbia
Slough-, and represents the 95 percent upper confidence limit on the mean, where 75

percent of the mass of the total ﬁsh is consumed %%alu&eﬁ%—g#dew—remesen&s—the

more

112



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

Formatted: Body Text Indent,Default
Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
Indent Charl Char Char Char Char,level 2,
Don't keep with next, Don't keep lines together,
Tab stops: Not at 0"

Formatted: Body Text Indent,Default

| Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
Indent Charl Char Char Char Char,level 2, Left,
Don't keep with next, Don't keep lines together,
Tab stops: Not at 0"

Formatted: Body Text Indent,Default

i Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
Indent Charl Char Char Char Char,level 2, Left,
Don't keep with next, Don't keep lines together,
Tab stops: Not at 0"

Formatted: Body Text Indent,Default

h Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
Indent Charl Char Char Char Char,level 2, Left,
Don't keep with next, Don't keep lines together,
Tab stops: Not at 0"

Formatted: Body Text Indent,Default
Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
Indent Charl Char Char Char Char,level 2, Left,
Widow/Orphan control, Don't keep with next,
Don't keep lines together, Tab stops: Not at 0"
+ 05"+ 1"+ 15"+ 2"+ 25"+ 3"+
35"+ 4"+ 45"+ 5"+ 55"+ 6"+ 6.5"

Formatted: Body Text Indent,Default
Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
Indent Charl Char Char Char Char,level 2,
Widow/Orphan control, Don't keep with next,
Don't keep lines together, Tab stops: Not at 0"
+ 05"+ 1"+ 15"+ 2"+ 25"+ 3"+
35"+ 4"+ 45"+ 5"+ 55"+ 6"+ 6.5"

‘e ‘[Formatted [ﬁ
- ‘[Formatted [ﬂ
| \\\\\‘[ Formatted [ﬁ
{ Formatted [ﬁ

[E3
E3
N

[

113



Portland Harbor RI/FS
Draft Final Remedial Investigation Report
Appendix F: BHHRA

Formatted: Body Text Indent,Default
Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
Indent Charl Char Char Char Char,level 2,
Widow/Orphan control, Don't keep with next,
Don't keep lines together, Tab stops: Not at 0"
+ 05"+ 1"+ 15"+ 2"+ 25"+ 3"+
35"+ 4"+ 45"+ 5"+ 55"+ 6"+ 6.5"

Formatted: Body Text Indent,Default
Paragraph,Body Text 21,Body Text 211,Body
Text Indent Charl,Body Text Indent Char
Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
Indent Charl Char Char Char Char,level 2, Left,
Widow/Orphan control, Don't keep with next,
Don't keep lines together, Tab stops: Not at 0"
+ 05"+ 1"+ 15"+ 2"+ 25"+ 3"+

\ 35"+ 4"+ 45"+ 5"+ 55"+ 6"+ 6.5"

May 2, 2011
Ay - =
W\
- i
Blackerappie X X 10
1\
\U\
i)
i
(AT
(A
Commeon-earp X X m“\ \
M
M \
< ’W \
P
|
|'p\”
|'N\
Brown-bullhead X X «it
I"W'H
P
1]
«jlhyn
Nt
\l'“‘ i
i ﬂl\”\\
Multiplespeeics X 4“‘”‘“
— [Tt
1‘t”\ !
(AT
¢1 i \\\““
1""1“\ ant
i \U
M

seeetﬁeeheﬂﬁs#eensameﬂem&ferm&&%m%avaﬂabl%Consummlon of shellﬁsh

was evaluated Eershelfish.considering only adult-consumption by adultswas

evaluated—, and assuming that consumption of shellfish is primarily a component of a

subsistence diet. Site-specific information regarding consumption of shellfish is not
avallable thus a range of consumptlon rates were evaluated. —}t—sheuld—be—ﬁeted—th&t

lngest}eﬂConsumptlon rates of 3.3 g/dav and 18 g/dav were selected as representatlve

of CT and RME estimates —were-used-to-calenlateintakesfromshelfish

eeﬂSHfH-BHOﬂ—Fh%S%V&l-H%S—F%BF%S%H—HHEThCSG values represent the 50" percentile (33

ercentile consumption rates foerof shellfish
consumption-from freshwater and estuarine systems for individuals of age 18 and

older in the United States (EPA 2002b). flihesemgest}eﬂ—fates—were&sed%th%

Exposure assumptions for recreational/subsistence fish consumption are presented in Table

3-29, and the uncertainties associated with these consumption rates are discussed in Section

6—.
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Specific information regarding population mobility on aNative American populations
is less readily available than for the general U.S. population. The evaluation of
exposures to slNative Americans was based on the premise that they spend their entire
lives in the area (EPA 2005c¢), and a typical lifetime was evaluated as 70 years.
Fishing frequency was assumed to be 260 days/yr (5 days/week) for the RME
estlmate and 104 days/year ( 2 days/week) for the CT estlmate— S pesie et esnnion

s&me—%&te—&s—fer—feefe&t}eﬂa#subs&steﬁee—ﬁshefs-ln01dental ln,qestlon of beach

sediment was evaluated assuming 100 mg/day for the RME estimate and 50 mg/day
for the CT estimate—. Rates of 50 mg/day for the RME estimate and 25 mg/day for
the CT estimate were used for incidental ingestion of in-water sediment, representing
50 percent of the rates used for incidental soil ingestion in a typical residential setting-
. An exposed surface area of 5,700 cm”, representing the face, hands, forearms and
lower legs was used to assess dermal exposure to beach sediments, exposures to in-
water sediment was assumed to be limited to the hands and forearms, corresponding
to a surface area of 1,980 cm*—. Sediment adherence to skin was evaluated using a
weighted adherence factor based on exposure to the hands, forearms, and lower legs
(EPA 2004)—. A factor of 25 percent was used to account for the time spent fishing in
a single area within the Studv e, e P s e e nnosn s L B
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However, including consumption of anadromous fish in conjunction with resident
fish provides useful information regarding risks to tribal members who may fish the

Lower Willamette River. a-
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Although arsenic was analyzed as total arsenic, thes-but the-toxicity values fer-arsenie
are-onbyrelevantrepresent for-inorganic arsenicwhichis-est-significantfortissue—

. In previous fish tissue studies in the lower Columbia and Willamette Rivers, the
percent of inorganic arsenic relative to total arsenic ranged from 0.1% percent to

26.6% percent with an average average-percentinorganic-arsenie-of 5.3% percent

inorganic arsenic in the-resident fish samples from the Willamette River (Tetra Tech
1995, EVS 2000)—. Shellfish may have a higher percentage of inorganic arsenic, as
measured in studies on the Lower Duwamish River—. The Columbia River Basin Fish
Contaminant Survey (EPA 2002c) concluded that a “value of 10% percent is expected
to result in a health protective estimate of the potential health effects from arsenic in
fish.” Therefore, -#-was-assumed-that-10% percent of total arsenic in tissue was i-the

fefm—efassumed to be inorganic arsemc—fer—pwpeses—e#%s—BHHM—Th&te&al

used—m when calculatmg—the—ﬁssue—EPGs—fer—arsemc— Uncertamtles ass001ated w1th
the assumption that 10% percent of the total arsenic is in the inorganic formRMrm-
in fish and shellfish are discussed further in Section 6.
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PCBs were analyzed as Aroclors and congeners in tissue—. EorWhere PCBs were at: 1+ Alignment: Left + Aligned at: 0.75" +

analyzed as Aroclors, the summed concentration of individual Aroclors was used in Tabafter: 086" + Indentat: 138"
calculating the EPCs;-as-deseribed-in-AttachmentE2—. For-Where PCBs were

analyzed as congeners, EPCs were calculated using both the total PCB value (sum of

individual congeners) and an adjusted total PCB value—. The adjusted total PCB

value was calculated by subtracting the concentration of the coplanar PCB congeners

from the total PCB concentration—. This was done because the coplanar PCB

congeners were evaluated separately (as TCDD toxic equivalents [TEQs]) for cancer

risks—. Further explanation of how PCB congeners were summed is provided in as

described in Section 2.2.8AttachmentF2.
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3-44.53.5.11.3  Oral Bioavailability Factors for Sediment

Consistent with EPA guidance (1989), the chemical intake equations calculate the
amount of chemical at the human exchange boundaries, not the amount of chemical
available for absorption—. Therefore, the estimated intakes calculated in this BHHRA
are not the same as the absorbed dose of a chemical-—. However, the toxicity of an
ingested chemical depends on the degree to which the chemical is absorbed from the
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gastrointestinal tract into the body—. Per EPA guidance (1989, 2007¢), if the
exposure medium in the risk assessment differs from the exposure medium assumed
by the toxicity value, an adjustment for bioavailability may be appropriate—. For
purposes of this BHHRA, oral bioavailability factors were not used to adjust the
estimated exposures from COPCs in sediment—. The uncertainties associated with not
considering bioavailability in this BHHRA are discussed in Section 6—.
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TOXICITY ASSESSMENT

The toxicity assessment is composed of two steps: (1) hazard identification and

(2) dose-response assessment-—. Hazard identification is the process of
determining whether exposure to a chemical may result in a deleterious health

effect in humans—. It consists of characterizing the nature of the effect and the
strength of the evidence that the chemical will cause the observed effect—. Dose-

response assessment characterizes the relationship between the dose and the
incidence and/or severity of the adverse health effect in the exposed population.
For risk assessment purposes, chemicals are generally separated into categories
based on their toxicological endpoints—. The primary basis of this categorization
is whether a chemical exhibits potentially carcinogenic or noncarcinogenic health
effects—. Because chemicals that are suspected carcinogens may also give rise to
noncarcinogenic effects, they must be evaluated separately for both effects—.

5:44.1 TOXICITY VALUES FOR EVALUATING CARCINOGENIC

EFFECTSTOXICIHY-VVALUES

_ - 7| Formatted: Outline numbered + Level: 2 +
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Cancer slope factors are used to estimate the risk of cancer associated with exposure

to a chemical known or suspected to be carcinogenic—. The slope factor is derived

from either human epidemiological or animal studies, and represents an upper bound,

generally approximating a 95 percent confidence limit, on the increased cancer risk

from a lifetime exposure by ingestion—. Slope factors are generally expressed in units

of proportion (of a population) affected per mg of substance/kg body weight-day

In addition to the numerical estimates of carcinogenic potential, a cancer weight-of-

evidence (WOE) descriptor is used to describe a substance’s potential to cause cancer

in humans and the conditions under which the carcinogenic effects may be expressed.
This judgment is independent of consideration of the agent’s carcinogenic potency—.

Under EPA’s 1986 guidelines for carcinogen risk assessment, the WOE was
described by categories “A through E”—Group A for known human carcinogens
through Group E for agents with evidence of noncarcinogenicity—. Under EPA’s
2005 guidelines for carcinogen risk assessment, a narrative approach rather than the
alphanumeric categories is used to characterize carcinogenicity—. Five standard
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Carcinogenic to Humans, Suggestive Evidence of Carcinogenic Potential, Inadequate
Information to Assess Carcinogenic Potential, and Not Likely to Be Carcinogenic to

Humans)—.

risk-values-were not selected astoxicity-values—Dermal SFsSlope (actors for
assessing dermal exposure were derived from-the-eral-SEs-as described in Section
4.7, and- Fhe-oral and dermal eaneerslope factors are presented in Table 4-1—. In

o
> <)

5:54.2 TOXICITY VALUES FOR EVALUATING NONCARCINOGENIC
EFFECTSTOXICIHY-VVALUES

The reference dose (RfD) provides quantitative information for use in risk
assessments for health effects known or assumed to be produced through a nonlinear
(possibly threshold) mode of action. The RfD, expressed in units of mg of
substance/kg body weight-day (mg/kg-day) is defined as an estimate (with

uncertainty spanning perhaps an order of magnitude) of a daily exposure to the
human population (including sensitive subgroups) that is likely to be without an
appreciable risk of deleterious effects during a lifetime—. The use of RfDs is based on

the concept that there is range of exposures that exist up to a finite value, or threshold,
that can be tolerated without producing a toxic effect—. Because EPA hasnotderived

ABS@ — i 2)
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Reference doses for-oral-and-dermal-expesure-pathways-are presented in Table 4

2.
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The following hierarchy of sources of toxicity values is currently recommended for
use at Superfund sites (EPA 2003b):

Tier 1 — EPA’s Integrated Risk Information System (IRIS) database (EPA 2010b)
is the preferred source of information because it normally represents the official
EPA scientific position regarding the toxicity of the chemicals based on the data
available at the time of the review—. IRIS contains RfDs and cancer slope factor
(SFs) that have gone through a peer review and EPA consensus review.

Tier 2 - EPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs) are toxicity
values derived for use in the Superfund Program when such values are not
available in IRIS—. PPRTVs are derived after a review of the relevant scientific
literature using the methods, sources of data and guidance for value derivation
used by the EPA IRIS Program-—. The PPRTV database includes RfDs and SFs
that have undergone internal and external peer review-—. The Office of Research
and Development/National Center for Environmental Assessment/Superfund
Health Risk Technical Support Center (STSC) develops PPRTVs on a chemical-
specific basis when requested by EPA’s Superfund program.

Tier 3 - Tier 3 includes additional EPA and non-EPA sources of toxicity «-

information—. Priority is given to those sources of information that are the most

current, the basis for which is transparent and publicly available, and which have
been peer reviewed—. Tier 3 sources may include, but need not be limited to, the
following sources:

— The California Environmental Protection Agency (Cal EPA) Toxicity
Criteria Database (Cal EPA 2008) includes toxicity values that have been
peer reviewed—.

— The ATSDR Minimal Risk Levels are similar to RfDs and are peer
reviewed—.

— Health Effects Assessment Summary Table (HEAST) toxicity values are
currently under review by the STSC to derive PPRTVs—. The toxicity
values remaining in HEAST are considered Tier 3 values.
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TEertrichloroethylenee cancer potency was evaluated ;-using EPA-previded-the-draft
toxieity-value-equal-to-the geometric mid-point of the slope factor range from (EPA
2001b_as recommended by EPA Region 10 (EPA 2007b))-te-use-as-the-oral-canecer
slopefaetor. Recommendations were not provided for evaluating oral exposures for
noncancer endpoints for trichloroethylene.
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for a specific chemical, a structurally similar chemical was identified as a surrogate—.
The reference dose or slope factor for the surrogate chemical was selected as the
toxicity value and the surrogate chemical was indicated in Tables 4-1 and 4-2-—. The
following chemicals have-texieity-values-from-surrogate-chemiealswere evaluated

using surrogate toxicity criteria:

e Butyltin-ten—. The toxicity of organotin compounds is somewhat determined
by the nature and number of groups bound to tin—. In general, toxicity
decreases as the number of linear carbons increases and as the number of

substitutions decreases.exicity-values-were-identified-from-the recommended

As a health protective approach, the-texieity-valaeRfD for dibutyltin
compounds was selected as a surrogate for butyltin-ies.

e Acenaphthylene -—RIS-is elassifies-classified acenaphthylene-as a-category D
e&remegeﬁ—(not c1a351ﬁable as to human carcmogemmty)—and—ﬂc}efefefe—ts
; s a ’ A . The
RfD for Aeenaph%heﬂ%acenaphthene Wthh is the ﬂeﬂeafemegem&IlArH—most
structurally similar PAHin-strueture-and-carbon-number-to-acenaphthylene:
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Fherefore-the-acenaphthene toxieity-valae, -was selected as a surrogate for
acenaphthylene.

Benzo(e)pyrene— M&é&ss%ﬁes—beﬂie{e)pyreﬂ%as—a—eategery—&eare&negeﬂ

te*rerty—valuewas seleeted—used asa surrogate for benzo(e)pyrene

Benzo(g,h,i)perylene—IRIS-elassifies-benzo(gh;hperylene is classified as a
category D eareinogen-(not classifiable as to human carcinogenicity).;and

therefer%ls—eoiﬁéered—a—neﬂearemogeme%— As w1th benzo( e)pyrene of

RfD for pyrene teaﬂerty—valfueuwas seleeted—used asa surrogate for
benzo(g,h,i)perylene.

Dibenzothiophene—. -Foxieity-values-were-notavailable for

dibenzothiophene—The-chemieal-with-Fluorene the most similar-structureally
similar PAH with available toxicity values-is-flaorene—. Hence. tFhe toxieity
vateeRfD for fluorene was seleeted-used as a surrogate for dibenzothiophene.

Dibenzofuran—. The RfD for flourene, which represents the most structurally

similar compound exieity-values-were-not-available fordibenzefuran—The
chemiealwith-the-mostsimlarstrneturewith-avatlabletoxeib—valuesis
fluorene—The-toxieity-valuefor-fluerenefor which an RfD was available was

selected as a surrogate for dibenzofuran.

Di-n-octyl phthalate—. Fexieityvalues-were-not-availablefordi-n-eetyl
phthalate—The-chemieal-with-the mestsimilar structure-with-avatlable toxieity
valaes-is-dibutyl phthalate—The RfD for texieity—valaefor-dibutyl phthalate

was selected as a surrogate for di-n-octyl phthalate.

Perylene—, Hoichenibio pomlone e ontonom s Do o o oo

heThe

RfD for for pyrene teaﬂerty—valfueuwas selected asa surrogate for perylene

Phenanthrene—. Hche o s honnmtbeone e enton g s Doenieinos o ool
F] ] 1 ] : DAl }’ i E‘h o =§f-€1=%, ].S emﬂsid%f%d a
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. . Core dered 4 o heald
proteetive-approach;the-The RfD for pyrene toxieity-valae-was selected as a

surrogate for retene.

e Endrin aldehyde—. Endrin aldehyde can occur as an impurity of endrin or as a
degradation product (ATSDR 1996)—. The texietty—vataeR{D for endrin was
seleeted-used as a surrogate for endrin aldehyde.

e Endrin ketone—. Endrin ketone can occur as an impurity of endrin or as a
degradation product (ATSDR 1996)—. The texietty—vatae-RfD for endrin was
seleeted-used as a surrogate for endrin ketone.

e 4-Nitrophenol—. IRIShas-texteityvatuesfor 2-methylphenoland 4-

methylphenol, but not 4-nitrophenol. The toxicityvalueR(D for 4-
methylphenol was seleeted-used as a surrogate for 4--nitrophenol.

5:84.5 CHEMICALS WITHOUT TOXICITY VALUES

No SF and RfD; or other suitable surrogate values were obtained for Only-twe
G@P—Gs—tltamum and delta hexachlorocyclohexane (delta HCH)—é}d—net—hiwe

mel—&ded—m—eh%hateﬁﬁehly; Tltanlum isa naturally occurrlng element and has been
characterized as having extremely low toxicity (Friberg et al. 1986)—. An STSC

review concluded that the other hexachlorocyclohexane isomers could not be used as
surrogates for delta-HCH due to differences in toxicity (EPA 2002d)-—. Accordingly,
tHia-this BHHRAthe potential risks from titanium and delta-HCH are discussed
qualitatively in the uncertainty assessment in Section 6.

SFs and RfDs were not identified for lead because lead was evaluated through
comparison with benchmark concentrations that are based on blood lead levels—.
Benchmark concentrations for child exposure scenarios were predicted by the
Integrated Exposure Uptake Biokinetic (IEUBK) model—. Benchmark concentrations
for adult exposure scenarios were predicted by the Adult Lead Methodology (ALM).
Uncertainties associated with using these benchmark concentrations are discussed in
Section 6.4.4.
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one isomer and not to individual chemicals—. As a result, the risks were evaluated for
the combined exposure to-the-chemieals-and-net-onrather than on an individual
chemical basis—. Fhe-chemiealsCOPCs that were evaluated for toxicity as mixtares
classes are indicated in Tables 4-1 and 4-2, and are discussed below—.

e Chlordane—:— The chlordane toxicity values were derived for technical
chlordane, which is composed of a mixture of chlordane isomers—. The
chlordane isomers analyzed in Round 1, Round 2, and Round 3 samples were

{Formatted Font: Italic

oxychlordane.—_These isomers were summed ina total chlordane {Formatted Font: Italic

concentration—. The SF and RfD for technical chlordane were used to {Formatted_ Font: Italic

C

evaluate total chlordane.

e DDD, DDE, and DDT—:— Technical DDT includes 2,4'>-DDT and 4,4">-DDT,
as well as 2,4-DDE, 4,4>-DDE, 2,4'>-DDD, and 4,4">-DDD-—. Although
individual slope factors are available for DDD, DDE, and DDT- based on
studies conducted using the hav&sepa%a%%%—meluded—m—l—?&S—Whﬂ%ﬁhe
SEswere-derived-for-the 4,4 isomers, the SEs-were-used-to-evaluate-the sum
ofthethe potency of the 2,4" and-isomers was assumed to be equal to that of
the 4,4'> isomers-, and cancer risks assessed as the sum of the 2,4' and 4.4'

Tholne e et el e ol Do b U e T
Addmonally, the BPBF-RD for DDT was—d%wed—fer—a—ma*tu%&ef—t—h%}%kd

seleeted—used asa surrogate %o*}eﬁy—va}u%aﬁd—was—used—to evaluate the
noncancer eadpeint-effects of DDD and DDE.

e Endosulfan—:— The texietty—valae(RfD) for endosulfan was derived from
studies using technical endosulfan, which includes alpha-endosulfan, beta-
endosulfan, and endosulfan sulfate-—. The individual endosulfan results Fhese
compeounds-were summed #+-to give a total endosulfan concentration, and t-
Fhe RfD for technical endosulfan was used to evaluate total endosulfan.

o PCBs—:— The PCB-cancer SE-was-derivedfor PCB-mixturesThe cancer slope
factor for PCBs is based on administered doses of Aroclors (Aroclor 1016,
1242, 1254, or 1260)-terats—Fhe-caneerSE, and was applied-to-used to assess
the cancer risks for total PCBs; measured either as congeners or Aroclors—.
As discussed in Section 2.2.8, total PCB concentrations were calculated as
either the sum of Aroclors or individual congeners—. The-Where PCBs were
reported as individual congeners.— PEB-SE-was-applied-to-thean adjusted PCB
concentration was calculated tetal PEB-by subtracting the sum of total
dioxin-like PCB congener concentrations from the sum of all

congenerseengenerconcentrationaftersubtracting the-total - dioxin-like PCB
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congenerconeentration—. -Dioxin-like PCB congeners eonecentrations-were
evaluated separately using the slope factor for 2,3,7,8-tetrachlorodibenzo-p-
dioxin (2,3,7,8-TCDD)-SE; as described below-for-dioxins-andfurans—. This
approach may double-count a portion of the toxicity of the dioxin-like PCBs,
as discussed in Section 6.3.6—. The RfD for Aroclor 1254 RfD-was used to
evaluate the noncancer endpoint for total PCBs, measured either as total
unadjusted congeners or as Aroclors.

e Dioxins and furans—:— Toxic Equivalency Factors (TEFs) from the World
Health Organization (WHO) (Van den Berg 2006) were used to evaluate
carcinogenic effects of dioxin and furan congeners and for dioxin-like PCB
congeners (see Table 4-3)—. Concentrations of individual congeners are
multiplied by their respective TEFs to provide a estimate-the-toxieity-ofthese
congenersrelativeto-2,3,7,8-TCDD-equivalant concentration (TEQ).: the
resulting eeneentrations- TEQs are then summed into a total 2,3,7,8--TCDD
FEQTEQ-—. The-Cancer risk were assessed using the slope factor for 2,3,7,8-
-TCDD S¥-was used to evaluate the cancer endpoint of the TEQ for dioxin
and furan congeners, as well as -and-for dioxin-like PCB congeners—. The
ATSDR MRL for 2,3,7,8--TCDD RfB-was used with-the-same-appreach-te
evaluate-the-noncancer-endpeint-ofthein conjunction with the TEQ approach

for dioxin and furan congeners, and for dioxin-like PCB congeners.

e Carcinogenic PAHs—:— Careinogenie-Individual carcinogenic PAHs ean
bewere evaluated for toxicity based on their potency equivalency factor
(PEF), which estimates texietty-cancer potency relative to benzo(a)pyrene
(EPA 1993)—. The toxicity values for individual PAHs shown in Table 4-1
incorporate their respective PEFs—. Risk from both individual and total
carcinogenic PAHs was assessed in this BHHRA.

5:104.7 DERMAL FOXICHY-ASSESSMENT

Toxicity is a function of contaminant concentration at critical sites-of-action—.
However, most oral reference doses and slope factors are expressed Mest-toxieity

substaneebaseéeﬂas an admrnlstered rathepehaﬂafkabsefbeédose whereas exposure
estimates for dermal exposures are expressed-asbased on the absorbed dose.-
Anatomical differences between the gastrointestinal tract and the skin can affect rate
as well as the extent of absorption—. Thus, the route of exposure may significantly
affect the critical dose at the site-of-action—. A further complication is that an orally
administered dose experiences “hepatic first-pass” metabolism, and-which may

significantly alter the t0x101ty of the administered chemlcal— Gastrointestinal-and
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HeweverAdditionally; some chemicals can cause cancer or other effects through
direct action at the point of application—. For such locally active compounds, it may
be 1nappropr1ate to evaluate risks based on oral response data—. EPA-has-developeda

As recommended by EPA guidance (EPA 2004), an adjustment to the oral toxicity
factor to account for the estimated absorbed dose was applied in-this BHHRA-when

thefoHowing-conditions-are-met:
+—The toxicity value derived from the critical study is-was based on an “Tu {Format'ted: Indent: Left: 0.5", No bullets or
administered-oral dose (e-gthrough-diet-orby-gavage)and numbering
. A-seientifically-defensible-database-demonstrates-the-GI absorption of the
chemical is less than 50% percent #-from a medium similar to the one used in the
critical study.
abserbed—des%m—ﬂﬂs—BHHPu&Dermal Rﬂ)s for assessing dermal exposure %ha{—were
calculated by-using the following equation:
RID o = RID, x ABS,
RfDgyermai = dermal reference dose (mg/kg-day)
RfD, = ch11d exposure duratlon (years)
ABSg; “Yfraction of contaminant <~~~ { Formatted: Space After: 8 pt
absorbed in gastromtestmal tract
+- — ~ 7| Formatted: Style Body
TextbtBToOutline-1Body textnumbered list +
Cancer slope factors for assessing dermal exposure were calculated as follows: Line sp..., Indent: Left: 0.75", Tab stops:
1.44", Left + 1.63", Left
SF
SF. = o

dermal A B SGI

SFgemal = dermal cancer slope factor (mg/kg-dayy' __ { Formatted: superscript
SF, = oral cancer slope factor (mg/kg-day)’
ABSg = fraction of contaminant absorbed in gastrointestinal tract - - {Formatted: Space After: 8 pt
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5.0 RISK CHARACTERIZATION

Risk characterization integrates the information from the exposure assessment and
toxicity assessment, using a combination of qualitative and quantitative information-
—to provide numerical estimates of potential adverse health effectsWith-this

eeﬂdiﬂeﬂs—aﬂd—based—ern—thﬁe*leﬁyheﬁﬂmt—ehemeal— RlSk characterlzatlon is

performed separately for carcinogenic and noncarcinogenic effects—. Carcinogenic
risk is expressed as the probability that an individual will develop cancer over a
lifetime as a result of exposure to a potential carcinogen—. Noncarcinogenic hazards
are evaluated by comparing an estimated exposure level or dose with a reference dose
that is without appreciable risk of adverse health effects.

5115.1 RISK CHARACTERIZATION ESHMATESMETHODOLOGY

This section describes how noncancer hazards and cancer risks were estimated in this
BHHRA—.

54145.1.1 Noncancer Hazard Estimates

The potential for adverse noncancer health effects resultingfrom-exposure-to
chombenh i nenee e sl o e g generally addressed by comparlng the CDI
er—abse%bed—dese—fe&a—speaﬁc—@@?@to }ts—the

he-corresponding

RfD to yleld a hazard quotient (HQ)—, EPA 1989!

o - 2L

The calculation of a HQs assumes that exposures less than the RfD are unlikely to
result in adverse health effects, even for sensitive populations—. By definition, when
the HQ is less than 1, the estimated exposure is less than the RfD and adverse health
effects are unlikely—. Unlike cancer risks, the HQ does not represent a statistical
probability, and the likelihood of adverse effects does not increase hnearlyin a linear
fashion relative to a HQ of 1—. Rather, exposures greater than the RfD may result in
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adverse health effects, but all RfDs do not have equal precision and are not based on
the same severity of effects—. HQs for individual chemicals were summed to yield a

cumulatlve hazard mehee&lndex (HIs)—th&t—p#ewdes—aa—est&n&t&e#te&al—hazafd— Per

%he—H&S—d-&tabase—smee—@he—GR—FPF@st—&dy—Although a HI pr0V1des an overall
indication of the potential for noncancer hazards, dose additivity is most appropriately

applied to chemicals that induce the same effect via the same mechanism of action—.
When the HI is greater than- 1 due the sum of several HQs of similar value, it is

appropriate to segregate the chemical-specific HQs by effect and mechanism of
action—. In this BHHRA, when the calculated HI was greater than 1, HQs based on
the same target organ system were calculated—. The target organs or systems on
which the RfDs are based are presented in Table 5-1.

HRa W mpare a-tare w—whieh nredial-actionata <+ - — | Formatted: Outline numbered + Level: 1 +
Superfund-siteis sene s notwarranted EEPA 1991 a Numbering Style: 1, 2, 3, ... + Start at: 1 +
) Alignment: Left + Aligned at: 0" + Tab after:
0.5" + Indent at: 0.5"
. . « . ; .
511251.2 Cancer Risk Estimates Formagted. Outline numbered + Level: 3 +

Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.31" + Tab

The cancer slope factor converts the estimated daily intakes averaged over a lifetime after: 1"+ Indent at: 1"

directly to an incremental cancer risk—. CPRetential-cancer risks were-assessedare

calculated by multiplying the estimated LADI er-abserbed-dose-of a carcinogen by its
the SF gEPA 1989) —"Phis—ealeu%a{ed—mlﬁs—expfessedﬁas—m%pfeb&bm{%eﬁaﬂ

Risk = LADI x SF

The dose-response relationship is generally assumed to be linear through the low-
dose portion of the dose-response curve—. That is, the risk of developing cancer is

assumed to be dlrectlv associated with the amount of exposure—. Initially-potential

However, this linear relationship is valid only when the estimated risk is less than

0.01 1 x 102 )0-0+—. Where contaminant concentrations result in an estimated risk

greater than 1 x 107, the following equation was used (EPA, 1989):
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Risk = 1-e™""*%" Cancerrisks were caleulated using this same linear modeleven <~~~ { Formatted: Centered

riskto-an-individual of betweent xx 10 and+ x x 10" The point of departurefor
eaﬁeer—ﬁsks—is—lﬁH_H-Q“é.—Because the slope factor typically represents an upper
confidence limit, carcinogenic risk estimates generally represent an upper-bound
estimate, and EPA is confident that the true risk will not be greater than risk estimates
obtained using this model, and they may be less than that predicted—. Cancer risk
estimates for individual chemicals and different exposure pathways were summed
where exposure was assumed to be concurrent to obtain the cumulative excess
lifetime cancer risk for each receptor and/or exposure scenario—.
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523145.1.3 Infant Consumption of Human Milk I Numbering Style: 1, 2, 3, ... + Start at: 1 +
. X . X . . . . Alignment: Left + Aligned at: 0.31" + Tab
As discussed in Section 3.3.7, infant exposure to persistent, lipophilic contaminants after: 1"+ Indent at: 1"

via breastfeed was quantitatively evaluated in the BHHRA—. Using the methodology
presented in Section 3.5.5, DEQ determined that the magnitude of the difference in
the risk and hazard estimates between the infant and the mother remain constant
regardless of the maternal exposure pathway or dose, and can be expressed asEer

Fo-assessrisks-to-infants; infant risk adjustment factors (IRAFs), DEQ 2010)-were
Liodtol hers sk where:

Risk = Risk x IRAF - {Formatted: Centered
ca

infant mother

HQ infant = HQ mother x [RAF ne

where:

HQinane = hazard quotient for breast--fed infant

Hlotmer_ = hazard quotient for the mother
Riskinfane =_cancer risks to breast--fed infant

Riskmomer=_cancer risks to the mother

IRAF;, = infant risk adjustment factor for carcinogenic effects - { Formatted: subscript
IRAF,, infant risk adjustment factor for noncancer effects ] - { Formatted: Subscript
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—For-Where combined child and adult exposures were evaluatedeaneer+isks, the
combined adult-child/adult and-ehild-risks were used for-as the mether-maternal

cancer risk for assessing risks to infantsreeeptors-where-both-adult-and-child
expesures-cottd-oecur—. €The chemical-specific IRAFs used-are presented in the

following table:

Chemical IRAF ., IRAF
PCBs 1 25
Dioxins/Furans 1 2
DDx 0.007 2
PBDEs 1 2
) . . «- - — | Formatted: Heading 3, Space After: 0 pt,
5.14 Risk Characterization for Lead Outline numbered + Level: 3 + Numbering
Style: 1, 2, 3, ... + Start at: 1 + Alignment: Left
Health effects associated with exposure to inorganic lead and compounds are well + Aligned at: 0.31" + Tab after: 1" + Indent
at: 1"

documented and include neurotoxicity, developmental delays, hypertension, impaired

hearing acuity, impaired hemoglobin synthesis, and male reproductive impairment.
Importantly, many of lead's health effects may occur without other overt signs of
toxicity. Lead has particularly significant effects in children, and it appears that some
of these effects, particularly changes in the levels of certain blood enzymes and in
aspects of children's neurobehavioral development, may occur at blood lead levels so
low as to be essentially without a threshold. Because of the difficulty in accounting
for pre-existing body burdens of lead and the apparent lack of threshold, EPA
determined that it was inappropriate to develop a RfD. The Centers for Disease
Control (CDC) has identified a blood lead concentration of 10 micrograms per
deciliter (ug/dL) as the level of concern above which significant health effects may
occur (CDC 1991), and the concentration of lead in the blood is used as an index of
the total dose of lead regardless of the route of exposure (EPA 1994). An acceptable
risk is generally defined as a less than 5 percent probability of exceeding a blood lead
concentration of 10 ug/dL (EPA 1998).

Using the ALM (EPA 2003c¢), acceptable lead concentrations in fish tissue that are
unlikely to result in fetal blood lead concentrations greater than 10 ug/dL were
calculated using the following equation:

(PvB, / RxGSD"** |- PbB, )x AT

PbF =
BKSF x (IR, x AF, x EF,)

Where:
PbB, = Central tendency of adult blood lead level
PbB, = Adult baseline blood lead level
PbBy = Fetal blood lead level
R = Fetal/maternal blood lead ratio
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GSD = Geometric standard deviation PbB

BKSF = Biokinetic slope factor

PbF = Lead fish tissue concentration

IRf = _Consumption rate of fish

AFr = Gastrointestinal absorption of lead from fish
EFr_ = Exposure frequency for fish consumption
AT = Averaging time

The values used in this analysis are presented in Attachment F5. Because the lead
models calculate a central tendency or geometric mean blood lead concentration,
median values are typically used as inputs—. The mean estimate of national per capita
fish consumption of 7.5 g/day (EPA 2000b) was used as the consumption rate for
recreational fishers, the median consumption rate of 39.2 g/day from the CRITFC
study was used for tribal fishers. Using the equation presented above, the target lead
concentrations in fish are 5.2 mg/kg for recreational fishers and 1 mg/kg for tribal
fishers.

EPA’s Integrated Exposure Uptake Biokinetic (IEUBK) model was used to calculate

tissue lead concentrations unlikely to result in blood lead concentrations greater than
10 png/dL in children. Because site-specific values for concentration of lead in soil,
house dust, air and drinking water were not readily available, default values were
used for those inputs. The ratio of child-to-adult consumption of 0.42 was applied to
the median adult consumption rate of 7.5 g/day to obtain a childhood rate of 3.2 g/day
for children of recreational fishers The corresponding lead concentrations in fish is
2.6 mg/kg—. Assuming a consumption rate of 16.2 g/day for tribal children,
representing the 65 percentile consumption rate from the CRITFC survey, the
calculated lead concentration in fish is 0.5 mg/kg. Uncertainties associated with the
evaluation of lead are discussed further in Section 6—. A-greato-apredicted
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oncancer HOs-and-cancer+i ere ed-fo rdivid e i
wh}eh—Elle—wer%awlabl%as—deseﬂbed—ab%In some easesmstance =S spec1ﬁc

contaminants were analyzed by different-more than one methods, se-and thus more

than one there-were-multiple-EPCs_calculated for that contaminant—. Cla-ealenlating
the-eumulative risks ;-enbytherisk-assoeciated-with-the EPCare presented using the

EPC from only one method for-ene-method-wasinchidedinthesum-to avoid double-
counting the risks from a given contaminant-—.

When assessing risks associated with sedIment exposures, ForexmmpletotalPCBs
Aroclor data was
used because the data set was larger than for congeners. —se—t—he—ﬂslefrena—tetal—PGBs
setpe el e lud e d e e e e e Lo el Eos] [ove e
#issue, because the congener analysis prevides-provided better-lower detection limits,
it was preferentially used when available for assessing risks associated with

consumnﬁon of ﬁsh and shellﬁsh —"Pherefe%%tl}%ﬂsleﬁem—teﬁal—PGBs—as—eengenePs

Where metalsmetals were analyzed as both total and dissolved fractions Ia-in surface
water and mest-efthe-groundwater seep samples, the EPCs ferbased on total metals
were used in the curnulat1ve r1sk estlmates—as—a—eensewameapmeaeh— b—metals—wefe

highefgfeateeth&lﬁhﬁesults—fe%ésselved—eeneai&&ﬁensbecause unﬁltered data is
generally more representative of typical human exposure;-the-ERCsfor-total-metals
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This section presents the-resuttsa summary of the risk characterization results foreaeh
ofthe scenarios described in Section 3—. Censistent-with-EPA policy (EPA 1991a);
states that CERCLA actions are generally warranted when where the baseline risk
assessment indicates that a cumulative site risk to an individual using RME

assumptions for either current or future land use is greater than the 1 x 10" lifetime - { Formatted: Superscript

greater than 1. Accordingly, risk and hazard estimates are generally presented in
terms of whether they are greater than the upper end of the cancer risk range of

149



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

1 x 10™ or the HI is greater than 1. Uncertainties associated with the assumptions in
each exposure scenario are discussed in detail in Section 6-—. Risks from exposures to
PBDE:s in in-water sediment and tissue were assessed separately, and are presented in
Attachment F3—_Ifactual-exposurcstorcach-secnario-were-less-than-the-exposures
assumed-n-therisk-ealeulationsthe-estimatedrisks-would-alse-deerease
correspondingly.

— - 7| Formatted: Outline numbered + Level: 3 +

5.2.1 Dockside Workers Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.31" + Tab

Risks ferto dockside workers were estimated separately for each of the eight +. | after: 1"+ Indent at: 1"

beaches designated as a potential docksrde worker use areas, which-are-shown in Map h I Formatted: Indent: Left: 0.5", No bullets or
numbering

he-do d WO ar RNAL en oftor-be h-sedimen e n-e ea n

efaThe estimated CT and RME cancer rlsks are 1ess than —rs—eumul—atﬁ%eaﬂeer—ﬁsk

}evel—ef—l—)hl-g—at—beaehes—lelo atbeach-06B025(9x 10" riskadjacentto NW

than %10 —at all ether—leeat}eﬂsbeach areas—’Pher&ar%n&%es&r%areas—that—resuk - {Formatted: Superscript

méeﬁe(—lﬁlé-ed%ﬁweﬁe—;he and the HIs fer—the—deeksrde—werke&%kﬁ—seeﬂaﬂe—de
notexeeedis less than 1 for adults and breastfed-infants-for-all-beaches-evaluated—.
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Study-Area-is-benzofaypyrene—Fand the RME HIs for in-water-adults werker RME
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water and for bathing—. Beaches where sediment exposure was evaluated are shown numbering

jon Map- 2--1. Year-round exposure to surface water for four individual transect

stations, Willamette Cove, Multnomah Channel, and for the four transects grouped

together to represent Study Area-wide exposure are shown on Map 2-3. The CT and

The-transient RME seenariorisks estimates for beach sediment resutsinno

exceedances-ofwasare less than 1 x 10 caneerrisk-and-no-exceedances-ofafor all

locations, and the HI is efless than 1. The transient CFseenario-forbeachsediment

results-in-no-exceedances-of L x 10 cancer risk and no-exceedances ofa Hl of I The
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reswts-oftherisk-evalmationfor transtent-exposure-to-beachsedimentresults of the

RME and CT evaluations for exposure to beach sediments are-are presented in Tables

5--4 threughand 5--5. respectively.

Estimated CT and RME cancer risks associated with surface water exposures are less
than 1 x 10* at all individual and transect locations and the HI is less than 1. The - {Formatted: Superscript ]

{ Formatted: Superscript ]
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of the Study-Avrea:
Risksto-transientsfrom-theAs noted in Section 3.3.4, exposure to surface
water by transients was also evaluated at the groundwater seep at Outfall 22B—. All
risk and hazard estimates -wereare less than 1 x 10/** and 1, respectively, and t - {Formatted: Superscript ]
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seep-are presented in Tables- 5--64 threughand 5--65.
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water and in-water sediment, and assuming the diver was wearing either a wet -sait-or
a dry suit;. aAs described in Section 3.4.2, in-water sediment exposure by divers is

evaluated in half-mile exposure areas for each side of the river, and on a Study Area
wide basis. Risks associated with exposure to surface water were evaluated for four
individual transect stations, and at single-point sampling stations grouped together in
one-half mlle mcrements per side of rlver—"PhﬁeSHJ:ts—eﬁth%Hs-leeva-l-uaﬂeﬂ—fef
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The commerecial-diverina-wetsuitestimated CT and RME and-CT-cancer risk
associated with exposure to in-water sedlments is less than seenario-forin-water
sediment results in-exceedanecesof | x 10 cumulative caneer risk inat 10all 6£40
1shalf--mile river mile-segments within-the-Study-Area-and for Study Area-wide

exposure, and the HI is also less than 1 for adults. The HI for infants is 2 at RM

RM 8.5W for the RME evaluation, and PCBs are the primary contributor to the
hazard estimate. The resultsofthe RME and CT estimates for adults are presented in
Tables 5-31 and 5-32, respectively—. RME and CT risk and hazard estimates for

infant exposures are presented in Tables 5-42 and 5-43, respectively.

The estimated CT and RME and-CT-cancer risk associated with exposure to surface
water is less than 1 x 107 for all half mile river segments and the HI is less than 1—. o= {Formatted: Superscript ]

These results are presented in Tables 5- 54 and 5- 55 resnectrvelv, for the RME and
CT evaluations. Indirect exposure to contaminants in surface water by infants via

breastfeeding was not evaluated— Shree bl S b e e s e sdlme s o
4 . . . .

. . . «- — — | Formatted: Heading 4, Indent: Hanging:
5.2.4.2 Diver in Dry Suit {0_33-- }
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and infants—. The results of the adult RME rlsk and hazard estlmates are resented in
Table533 h al-diverina-dry-suitk ena
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d Are h o

1x10° oran Hl sreater than --Aa CT scenarioevaluation was not evaluateddone for
a commercial diver in a dry suit—per-directionfromERA.

The estimated RME cancer-and-CT-eaneer risk associated with exposure to surface
water is less than 1 x 10 for all half-mile river segments, and the HI is less than 1—.

These results are presented in Tables 5-56. Indirect exposure to contaminants in
surface water by infants via breastfeeding was not evaluated—. Risksto-commereial
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5.2.5 Recreational Beach Users Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.31" + Tab
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Risks ferassociated with exposure to beach sediment were evaluated-the reereational
beachuserswere-estimated separately for each beach designated as a potential
recreational use area,-whieh-are shown #on Map- 2--1. Exposure to surface water was
evaluated atusing data collected from three transect locations and three single-point
locations (Cathedral Park, Willamette Cove, and Swan Island Lagoon) shown on
Map 2-3.

The estimated CT and RME and-CF-cancer risks associated with exposure to beach
sediments isare less than 1 x 10™ at all recreational beach areas, and the HI is also less

than 1. Canee and-noneanecer-hazards-were-evaluatedtor both-ehtldren(ages0-6

combined30-yearseenarto-Thesce results eftherisk-evaluation-forrecreational-beach
user-exposure-to-beach-sedimentare presented in Tables- 5--6 through 5--11. Indirect

exposure to contaminants in beach sediment to infants via breastfeeding was not
evaluated—.

———Adult Recreational Beach-Users <~~~ { Formatted: Indent: Left: -0.5"
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exposures—The results of the risk evaluation for exposure to surface water by &dul-t
recreational beach user expesure-to-surface-water-are presented in Tables 5--48
through 5--4953. The estimated CT and RME aﬂd—GT—cancer risks associated with
exposure to surface water are less than 1 x 10™ at all recreational beach areas, and the
T is also ey than e b ot e sl oo Lo il peee oo L bone s oo
%eeesur%te—sufﬁae%water—arﬁeresented 1. These results are Dresented in Tables 5--50
through ;
fllab}esééQ—threugh—S—SS.
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low-fregueney-(RME-and-CT or a high-frequency rate of fishingy(CT-and RME).
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The estimated CT and RME cancer risks associated with low-frequency fishing

exposures to either beach or in-water sediments are less than 1 x 10™* at all areas o {Formatted: Superscript

evaluated. Noncancer hazards associated with eembined-childand-adult exposures are
less than 1 at all locations evaluated, the noncancer hazard associated with indirect

exposures to infants via breastfeeding is greater than 1 at two locations: RM-RM 7TW
(2), where dioxin/furan TEQ concentrations are the primary contributor, and RM

RM 8.5W (2) where PCBs are the prlmary contrlbutor with a HQ of 1. Canecerrisks
These results are
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presented in Tables 5-16 and 5-17 for beach sediment exposures, and Tables 5-29 and
5-30 for in-water sediment exposures.;

The estimated CT and RME cancer risks associated with high-frequency fishing
exposures to either beach or in-water sediments are less than 1 x 10™* at all areas

evaluated. Noncancer hazards associated with eombined-child-and-adult exposures
isare greater than 1 at RM-RM 7W (2), with dioxin/furan TEQ concentrations as the
primary contributor the noncancer hazard. -The noncancer hazard associated with
indirect exposures to infants via breastfeeding is also greater than 1 at RM-RM 7W
(3), where dioxin/furan TEQ concentrations are the primary contributor, and RM
RM 8. SW ( 2), Where PCBs are the primary contributor wrth a HO of 2 These results
- b are

resented in Tables 5- 14 and 5- lS for beach sediment exposures, and

Tables 5-26 through 5-28 for in-water sediment exposures.
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RME-fer— nNoncancer hazards associated with childhood eombined-child-and-adult
consumptlon of whole bodv smallmouth bass are greater than 501-and100-at RM-5;
at all river miles evaluated.

A reas with the highest estimated hazard displays a pattern
similar to those with highest cancer risks. -Values for river miles having the highest
estimated hazard are as follows (for recreational and subsistence fishers,
respectively): RM-27 (300 and 600), Swan Island Lagoon (500 and 1,000), and RM
11 (700 and 1,000). The highest values for the CT noncancer hazard estimates for
recreational fishers are 70 (RM 7), 200 (RM 11), and 100 (Swan Island Lagoon).

Study Area-wide RME hazards for recreational and subsistence fishers are 200 and
500, respectively, the CT estimate for recreational fishers is 60. Dioxins/furans and

PCBs are the primary contributors at RM 7, while PCBs are predominantly the
contributor in Swan Island Lagoon and at RM 11.

-RME hazard estimates for fillet-only consumption are also greater than 1 at all river
miles. Thelowesthazard-estimate+s-9—atRM-5-Values for river miles having the
highest estimated RME hazard for fillet-only consumption are as follows (for
recreational and subsistence fishers, respectively): RM—4-30-and-60)-RM- 7 (50 and
90), and RM- 11 (100 and 300); fillet-only data were not collected in Swan Island
Lagoon. Study Area-wide RME hazards for recreational and subsistence fishers are
70 and 100, respectively, the CT estimate for recreational fishers is 20. PCBs and
dioxin/furans are the primary contributors to the hazard estimates at RM 7 while
PCBs are the primary contributor to the hazard estimate at RM 11. PCBs-and

dioxin/furans-are-the primary contributors-to-the hazard-estimates-These results are
presented in Table 5-94.

NRME and CT noncancer hazard associated with indirect exposure to infants via
breastfeeding was also assessed. Values for river miles having the highest estimated

RME hazard due to consumption of whole body smallmouth bass are as follows (for
infant children of recreational and subsistence fishers, respectively): RM—2+400-and
2.000)-RM- 7 (63,000 and 35,000), Swan Island Lagoon (350909-and-6,000 and
10,000), and RM- 11 (2:000-and-8.000 and 20,000). The associated CT estimates for
recreation fishers are 600 at RM 7, 1,000 at Swan Island Lagoon, and 2,000 at

RM 11. The eomparable RME hazard estimates associated with fillet-only
consumption are: RM-—4-300-and-600)-RM- 7 (300 and 600), and RM- 11 (2,000 and
4,000), fillet-only data were not collected in Swan Island Lagoon. The comparable
CT estimates for recreational fishers are 70 at RM 7, and 500 at RM 11. PCBs are the

primary contributors to the estimated noncancer hazard estimates. These results are
Dresented in Table 5- 119 e*pesa*es—a%e—kess—ﬂ&m%a{—aﬂ—lee&t}eﬂs—eva}&a%ed—the
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5.2.6.3 Consumption of Common Carp

The estimated EF-and-RME cancer risks associated with combined child and adult .
consumption of whole body smatimeunth-basscommon carp are greater than 1 x 10™
forallrivermiles-atin each fishing zone evaluated, and RME cancer risk estimates are
greater than 1 x 107*. foreach river mile except RM-5_where the estimated risk s

9-x 10 for the recreational fisher—Values for river-milesfishing zones having the

highest estimated risks are as follows (RME estimates for recreational and

subsistence fishers, respectively): RMFZ 73-6 (51 x 10 and 12 x 10 %), SwanIsland
LagoonFZ-4-8 (53 x 10* and 47 x 107, _and RMFZ 8-12 H-(82 x 10 and 5 x 103)

when evaluated Study Area-wide. PCBs, droxrns/furans and DDx are the primary
contributors in FZ 4-8 and PCBs are the primary contributors in FZ 3-6
(dioxins/furans were not analyzed in this FZ7).

\\

The eemparableRME risk estimates for fillet-only consumption (for recreational and
subsistence fishers, respectively) are:are FZ- 3-6 (1 x 107 and 2 x 107), FZ- 4-8
(2x10%and 4 x 107, and FZ8-12 (1 X 10~ and 2 x 107). The Study Area-wide RME
risk estimates are 4 x 102 and 2 x 10, The CT estimate for recreatlonal fishers is

1 x 107 atin FZ 0- 4 all other CT estrmates are greater than 1 X 10 :Phe-&sseer-&teé

Sl —These results are presented in Table 5-115.

RME noncancer hazards associated with childhood consumption of whole body

common carp are greater than 1 atin each fishing zone evaluated. Values for fishing
zones having the highest estimated riskshazard are as follows (RME estimates for

recreational and subsistence fishers, respectively):- FZ 3-6 (900 and 2,000) and

FZ 4-8 (3,000 and 5,000). The Study Area-wide estimates are 2,000 and 4,000. The
associated CT estimates for recreational fishers is 200 at FZ 3-6, 600 atin FZ 4-8, and
500 Study Area-wide. The comparable hazard estimates for fillet-only consumption
are: FZ 3-6 (200 and 100), FZ 4-8 (4,000 and 2,000), and 500 Study Area-wide. CT
estimates for recreational fishers are 30 atin FZ 3-6-, 500 atin FZ 4-8, and 500 Studv
Area-wide.F 3 3

3 - PCBs are the primary
contrlbutors to the hazard estimates. These results are presented in Table 5-98

RME noncancer hazards associated with indirect exposure to infants via breastfeeding
are greater than 100 atin each fishing zone evaluated. Values for fishing zones having

the highest estimated riskshazard are as follows (infant children of recreational and
subsistence fishers, respectively): EZ-FZ 3-6 (210,000 and 420,000);- and EZ-FZ 4-8

(630,000 and 360.000)—and-EZ-8-12(3-000-and-1-000); —Study Area-wide estimates
are 30,000 and 50,000, respectively. The comparable CT estimates for infants of
recreational fishers are 3,000 atin FZ 3-6, 8,000 atin FZ 4-8, and 6,000 Study Area-
wide.
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The-comparable RME comparable-hazard estimates associated with fillet-only
consumption are (for infants of recreational and subsistence fishers, respectively): ¥Z
FZ 3-6 (31,000 and 43,000).; -EZFZ 4-8 (530,000 and 350,000); the Study Arca-wide
estimates are 30,000 and 50,000—and EZ-8-12-(2.000-and1-.009). The-CT estimates
for infants of recreational fishers are 400 atin FZ 3-6, 6,000 at FZ 4--8, and 6,000
Studv Area-wide. PCBs are the prrmarv contrrbutors to the hazard estimates. SPhe

These results are presented in Table 5-120.

5.2.6.4 Consumption of Brown Bullhead

Data from brown bullhead was combined across two fishing zones, “«

encompassing RMs 3-6 and 6-9, was well as combining these data to provide a Study

Area wide assessment. The RME estimates forassuming whole body consumption are
(for recreational and subsistence fishers, respectivelys) are 6 x 10 and 1 x 10 atin

EZFZ3-6.6x 10" and 4 x 10” atin EZFZ 6-9. and 2 x 10~ and 4 x 10~ Study Area-
wide. The associated CT estimates for recreational fishers are 2 x 10 atin FZ 3-6,
6 x 10" atin FZ 6-9, and 5 x 10/* Study Area wide.

RME rTFhe-comparablerisk estimates for recreational and subsistence fishers,
respectively, assuming fillet-only consumption are 7 x 107 and 1 x 10™ atin
EZF7 3-6.and 1 x 10~ and 2 x 10~ atin EZFZ 6-9. The asseciated-Study Area-wide
risk estimates assuminge fillet-only consumption-are 1 x 10™ and 2 x 10>, The
associated CT estimates for recreational fishers are 2 x 107> atin FZ 3-6, 3 x 10™ atin
FZ 6-9, and 3 x 10™* Study Area wide. These results are presented in Table 5-116.

RME noncancer hazards associated with childhood consumption of whole
body brown bullhead are greater than 1 in all instances. The RME estimates for
recreational and subsistence fishers, respectively, are 40 and 70 atin FZ 3-6, 200 and
400 atin FZ 6-9, and 200 and 300 Study Area-wide. CT estimates for recreational
fishers are 8 atin FZ 3-6, 50 atin FZ 6-9, and 40 Study Area-wide.

The-comparable- RME hazard estimates forassuming fillet-only consumption
are 7 and 10 atin FZ 3-6, &Hd—l()() and 300 atin FZ- 6-9, and —The-associated-Study
100 and 300 Stud:

Area-wide. CT estimates for recreational fishers assuming fillet-only consumption are
2 at FZ- 3-6, 30 at FZ- 6-9, and 30 Study Area-wide. —These results are presented in

Table 5-102.
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infant children of recreational and subsistence fishers, respectively, via breastfeeding
are 300 and 600 atin FZ 3-6, 2,000 and 5,000 atin FZ 6-9, and 2,000 and 4,000 Study
Area-wide. CT estimates for infants of recreational fishers are 70 at FZ 3-6, 600 at
FZ 6-9, and 500 Study Area-wide. The RMEecemparable hazard estimates assuming
parental fillet-only consumption are 70 and 100 atin FZ 3-6, and-2.000 and 3,000 atin
FZ- 6-9, and 2,000 and 3,000 Study Area-wide. The-CT estimates for infants of
recreational fishers are 20 at FZ 3-6, 400 at FZ- 6-9, and 400 Study Area-wide. —The

=y

tec accumnofillet-onlvconsumntionare
tesasSuHRgHHet-ory-conSumptionare

0
y a J a a

5.2.6.5 Consumption of Black Crappie
Data from black crappie was also combined across two fishing zones,

encompassing RMs 3-6 and 6-9, was well as combining these data to provide a Study

Area wide assessment. Fhe-RME estimates assuming whole body consumption for
recreational and subsistence fishers, respectively, are 3 x 10 and 6 x 10™ atin FZ 3-6,

6x 10™* and 1 x 107 atin FZ 6-9, and 6 x 10"* and 1 x 10 Study Area-wide. The
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comparable CT estimates for recreational fishers are 9 x 10° in FZ 3-6,2 x 10*in
FZ 6-9, and 2 x 10"* Study Area-wide.

RME risk estimates ferassuming fillet-only consumption are 3 x 107 and
6x 10~ at FZ 3-6-, and-4 x 10~ and 8 x 10~ atin FZ 6-9, and =4 x 10™ and 8 x 10™F.
he-associated Study-Arca-wide risk-estimates-assumine fillet-only consumption-are
4x107-and 8 x10~-CT estimates for recreational fishers are 9 x 10 in FZ 3-6,
1 x 107 in FZ 6-9, and 1 x 10™ Study Area-wide These results are presented in
Table 5-117.

RME noncancer hazards associated with childhood consumption of whole
body black crappie are greater than 1 in all instances. The RME estimates for
recreational and subsistence fishers, respectively, are 20 and 40 atin FZ 3-6, 40 and
80 atin FZ 6-9, and 40 and 80 Study Area-wide. CT estimates for recreational fishers
are 8 in FZ 3-6, 50 in FZ 6-9, and 40 Study Area-wide.

Thecomparable-hazard-estimatesRME hazard estimates assuming childhood
for fillet-only consumption for recreational and subsistence fishers, respectively, are 4
and 8 at FZ 3-6, and 6 and 10 at FZ-6-9. The associated Study Area-wide risk
estimates assuming fillet-only consumption are 6 and 10.- CT estimates for

recreational fishers assuming fillet-only consumption are 2 in FZ 3-6, 30 in FZ 6-9,
and 30 Study Area-wide. These results are presented in Table 5-102.

Assuming adult whole body consumption of black crappie, the RME noncancer <~~~ { Formatted: Space After: 12 pt

hazards associated with indirect exposure infants to infant children of recreational and
subsistence fishers, respectively, via breastfeeding are 100 and 300 at FZ 3-6, 400 and
700 at FZ 6-9, and 400 and 700 Study Area-wide. CT estimates for infants of

recreational fishers assuming fillet-only consumption are 70 in FZ 3-6, 600 in FZ 6-9,
and 500 Study Area-wide.

The-comparableRME hazard estimates for infants of recreational and subsistence

fishers, respectively, assuming parental fillet-only consumption are 30 and 60 at FZ
3-6, and 40 and 80 at FZ- 6-9. The associated Study Area-wide risk estimates

assuming fillet-only consumption are 40 and 80. These results are presented in
Table 5-121.

5.2.6.6 __Multi-Species Diet

A multi-species diet, comprised of equal proportions of each of smallmouth bass, <~~~ { Formatted: Space After: 12 pt

common carp, brown bullhead, and black crappie was evaluated on a harbor-wide
basis. The estimated recreational fisher CT and RME cancer risks estimates for
combined child and adult consumption of whole body fish are 2 x 10> and 7 x 107,
respectively, and the estimated risks for subsistence fishers is 1 x 102 The

corresponding CT and RME risk risksestimates for recreational fishers based on
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pesticidesDDx are the primary contributor to the risk estimates—. These results are
presented in Table 5-118.——

The RME noncancer hazard estimates for childhood consumption of whole body fish
for recreational and subsistence fishers are 600 and 1,000, respectively. The
associated RME estimates for fillet-only consumption are 500 and 1,00, respectively.
PCBs are the primary contributors to the hazard estimates. These results are presented
in Table 5-110.

The RME noncancer hazard estimates for indirect exposure by infants via

breastfeeding assuming maternal consumption of whole body fish are 8,000 for
recreational fishing and 10,000 for subsistence fishing. The associated RME
estimates associated with maternal fillet-only consumption are 7,000 for recreational

fishing and 1,000 for subsistence. PCBs are the primary contributors to the hazard
estimates. These results are presented in Table 5-123
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subsistence fishers are greater than 1 x 10™ foralat 10 of the 22 river miles sections
evaluated-and RME cancer risk-estimates-are-sreater thanx 10" for each river mile
exceptRM 5 where the-estimated-risk-is-9-x 10" for the recreational fisher. Values
for river miles having the highest estimated risks are as follows-(forrecreational-and
subsistence fishers—respeetively): RM- Z5W (56 x 10>*-and+x107), SwanIsland
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risks for reereational andsubsistence fishers-are 3-x 10~ -and 610" Other areas
where the estimated risk is equal to or greater than 1 x 10" are RMs- 2E, 3E, 4E, 4W,
7W., 8W, Swan Island Lagoon, 9W, and 11E. -The estimated risk Study Arca-wide is

4 x 10", Dioxins/furansCarcinogenic PAHs and PCBs are generally the primary
contributors to the overall risk, cPAHs are the primary contributors to the risk
estimates at RMs- 5W and 6W. -ast RM- 7, PCBs: and to-alesser-degree
dioxins/furans; are the primary contributors in Swan Island Lagoon and at RM- 11.

These results are presented in Table 5-126.

The estimated RME noncancer hazards associated consumption of undepurated clams
by subsistence fishers are greater than 1 at 20 of the 22 river mile sections evaluated.

Values for river miles having the highest noncancer hazard are as follows: RM

RM 3E-(8), RM-RM 6E (40), RM-RM 9W (8), and RM-RM 11E (10). The estimated
noncancer hazard Study Area-wide is 9. €Although areinegenie-cPAHs and PCBs are
generally the primary contributors to the overall siskhazard, cPAHs are the primary
contributors to the riskhazard estimates at RMs 5W and 6W. atRMRM-7-PCBs and
dioxins/furans are the primary contrlbutors in Swan Island Lagoon at RM 7 and at

presented in Table 5-126.

RME noncancer hazard associated with indirect exposure to infants via breastfeeding
was also assessed, and the estimated hazard is greater than 1 at each river middiemile
evaluated.- Values for river miles having the highest estimated hazard due to parental
consumption of whele -bedysmathmouth-bassclams are as follows (for infant children
of reereational-and-subsistence fishers-respeetively): RM-RM 2E (409-and-2.00620),
RM-RM 76E (600-and-3-000200), SwanIstand Lasoon-(1000-and-6:000)-and RM
RM 11E (%999&&&—&99950)%%9%%&%&&%1%&—%&%&&55@6}&{6&“%

results are presented in Table 5-132.
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07R006, PCBs are the primary contributors at CR11E. These results are presented in
Table 5-129.
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located at the end of the International Slip, 07R006 (6), and CR1 1E (20). The
estimated noncancer hazard Study Area-wide is 910. i PCBs
are generally the primary contributors to the everallriskePAHsare-the primary
contributorsto-theriskestimatesat RMs SWand-6W—at RM-Z-noncancer hazard at
03R005 and CRI11E, PGBs—aﬂd—dloxms/furans are the primary contr1but0rs m—Swaﬂ

th&ha%ard—esﬁmatesat 07R006 These results are presented in Table 5 129

RME noncancer hazard associated with indirect exposure to infants via breastfeeding «- - - ‘[Formatted: Space After: 12 pt ]
was-also-assessed—and-the-estimated-hazard-is greater than 1 at each17 of the 32

stations -rivermiddle-evaluated. Values forrivermilesat locations having the highest
estimated hazard due to parental consumption of clams are as follows (for infant
children of subsistence fishers): RM2E-(20)- RM-6E(200)and RM-IHE(50302R001
(20) at RM-RM 2E. 03R003 (20) at RM-RM 3E, 03R005 (60) at RM-RM 3E, 07R006
(20) at RM-RM 7W. 09R002 (30) at RM-RM 9W, and CRI11E (400) at RM-RM 11E.
The hazard is 200 when evaluated Study Area-wide. These results are presented in
Table 5-133.

5.2.7 Tribal Fishers

Reereational-and-subsisteneeTribal fishers were evaluated forexposuresassociated <« - - {Formatted: Space After: 12 pt ]
withassuming direct exposure to contaminants in sediment and via consumption of

fish-and-shellfish. EAs-discussed-in-Seetion3-2--6-exposures associated with beach

sediment were assessed at individual beaches-designated-as-potential-transient-or

recreational-use-areas, in-water sediment exposures were evaluated on a one-half river

mile basis per side of the river and as an averaged, Study Areca-wide evaluation. Fish

consumption was evaluated assuming a multi-species diet consisting of anadromous

and resident fish species, and fishing was evaluated on a Study Area-wide basis. —
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5.2.7.1 Sediment — Direct Contact
The estimated CT and RME cancer risks associated with direct contact to beach <~~~ { Formatted: Space After: 12 pt
sediment is less than 1 x 10™ at all beaches evaluated. The estimated RME cancer risk
associated with exposure to in-water sediment is greater than 1 x 10 at two - {Formatted: Superscript

locations: RM-RM 6W (2 x 10™*) and RM-RM 7W (3 x 10™*). PAHs are the primary
contributors to the risk estimate at RM-RM 6W, dioxins/furans are the primary
contributors at RM-RM 7W—. These results are presented in Table 5-12 and 5-13.

With the exception of in-water sediment exposure at RM-RM 7W, the estimated non-
cancer hazard is less than one at all beach and in-water locations evaluated—. The
estimated hazard is 3 at RM-RM 7W, and dioxins/furans are the primary contributors
to the estimate. These results are presented in Tables 5-12 and 5-13.

Noncancer RME hazard estimates associated with indirect exposure to infants via
breastfeeding was evaluated assuming maternal exposure to eontamination

foundn-in-water sediment. The estimated hazard is greater than 1 at 3 locations,

RMRM 7W (5), RM-RM 8.5 (4). and RM-RM 1 1E (2). These results are presented in _ - - - Formatted: No underline

Table 5-40.—— - ‘[Formatted: No underline

5.2.7.2 Fish Consumption

The estimated RME cancer risks asseeta-ted—ee&s&mﬁmmﬁem%ﬁsh—bv—sab&sﬂaee - - {Formatted: Space After: 12 pt

fishersare-greater-thanfor the combined child and adult exposure is 12 x 107 attwe
of the 32 individual stations-evaluated:- 07R006 (3 x 10"} Jocated at RM 7W.__and
CRHE 3 x 10 ocated-at RM HE When evaluated Study-Area-wide—the
estimatedriskassuming whole body consumption, and 531 x 10* assuming
consumption of fillets only.- PCBs, and to a lesser extent Bdioxins/furans are the
primary contributors to the overall risk estimates. These results are presented in
Table 5-71.

The RME noncancer hazard associated with childhood consumption of whole body
fish is 800, and is 600 assuming consumption of fillets only. PCBs, and to a lesser
extent dioxins/furans, arsenic, and DDx are the primary contributors to the overall
risk estimates. These results are presented in Table 5-69.

The RME noncancer hazard associated with indirect exposure of tribal infants via
breastfeeding assuming maternal consumption of whole body fish is 9,000, and is

8,000 assuming maternal fillet-only consumption. PCBs are the primary contributors
to the hazard estimates. These results are presented Table 5-72.

5.2.8 Domestic Water Use

Use of surface water as a source of household water for drinking and other domestic <+~ -~ {Formatted: Space After: 12 pt

uses was evaluated using data from five transect and 15 single point sampling
locations, as well as averaged over a Study Area-wide basis. -The estimated cancer

risk for combined child and adult exposures is greater than 1 x 10" at W03 1 __— { Formatted: superscript




Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

(3 x 10*), located at RM-RM 6W. PAHs are the primary contributor to the estimated - { Formatted: Superscript

cancer risk. However, dermal exposure is the primary pathway contributing to the risk
estimate, and as described in EPA 2004, the physical-chemical properties of several
PAHs, including benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
dibenzo(a.h)anthracene, and indeno(1,2.3-c.d)pyrene), place them outside of the
Effective Prediction Domain used to estimate the absorbed dermal dose from water.
Although PAHs are direct-acting carcinogens, the risk estimates associated with
estimating dermal absorption from water have a greater degree of uncertainty than the
other risk estimates presented in this BHHRA. These results are presented in Table
5-62.

The estimated noncancer hazard based on childhood exposure is equal to or greater
than 1 at several sampling locations: W005 (1) at RM-RM 4E, W023 (1) at

RMRM 11, W027 (2) near the mouth of Multnomah Channel, and W035 (2) in Swan

Island Lagoon.- INn all instances, MCPP is the primary contributor to the estimated
hazard. These results are presented in Table 5-59.
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numbering
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—Cumulative risk and hazard numbers

estimates were calculated for those populations where concurrent exposure to more
than one media was assumed to eeeurbe plausible. Recreational/subsistence and tribal
fishers were further evaluated on the basis of whether they were assumed to fish
predominately from the shore or from a boat. MediaPopulations for which concurrent
exposure to more than one media was considered for each-pepulated-are as follows::
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e Transients: Beach sediment, in-water sediment, surface water <+~~~ | Formatted: Body Text Indent,Default
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e Divers: In-water sediment, surface water Char,Body Text Indent Charl Char Char,Body
Text Indent Char Char Char Char,Body Text
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after: 1" + Indent at: 1"

e Recreational fishers (beach): Beach sediment, fish tissue (fillet or whole body)

e Recreational fishers (boat): In-water sediment, fish tissue (fillet or whole

body)

e Subsistence fishers (beach): Beach sediment, fish tissue (fillet or whole body),
shellfish tissue

e Subsistence fishers (boat): In-water sediment, fish tissue (fillet or whole
body), shellfish tissue

e Tribal fishers (beach): Beach sediment, fish tissue (fillet and whole body)

e Tribal fishers (boat): In-water sediment, fish tissue (fillet and whole body)

Cumulative risk estimates are generally presented for each one-half river mile per <~~~ 7 Formatted: Normal, Space After: 12 pt, Don't
side of the river, and the risk estimates for specific media appropriate to each one-half adjust space between Latin and Asian text,

- - N Don't adjust space between Asian text and
mile segment were used to calculate the total risk or hazard. For example, cumulative numbers

risks for subsistence fishers who fish from a boat and consume smallmouth bass
would include the risks associated with exposure to in-water sediment at the specific
half-mile, shellfish collected within same half-mile and side-of-river specific
segment, and smallmouth bass from the larger river mile assessment. The results of
the cumulative risk estimates are presented in Table 5-xxx through 5-xxx. Chemicals
that resulted in a cancer risk greater than 1 x 10° or an HQ greater than 1 under any
of the exposure scenarios for any of the exposure point concentrations evaluated in
this BHHRA are presented in Table 5-[lllxxx Risk estimatesfor each-mediawere

summedf
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SUMMARY OF RISK CHARACTERIZATION

Cancer risk and noncancer hazard from site-related contamination was characterized
based on current and potential future uses at Portland Harbor, and a large number of
different exposures scenarios were evaluated. Exposure to bioaccumulative
contaminants (PCBs, dioxins/furans, and organochlorine pesticides, primarily
BDBEBBBMDOPTDDx compounds, via consumption of resident fish consistently
poses the greatest potential for human exposure to in-water contamination. In general,
the risks associated with consumption of resident fish are greater by an order of

magnitude or more than risks associated with exposure to sediment or surface water.
The greatest non-cancer hazard estimates are associated with bioaccumulation

through the food chain and exposure to infants via breastfeeding. Because the
smallest scale over which fish consumption was evaluated was per river mile, the

resolution of cumulative risks on a smaller scale is not informative. The highest
relative cumulative risk or hazard estimates are at RM 2, RM 4, RM 7, Swan Island
Lagoon, and RM 11. However, assuming exposure to sediment alone, areas posing
the greatest risk are RM 6W, RM 7W., RM 8.5W, and RM 11E, shellfish consumption
alone poses the greatest risks at RM 4E, RM 5W, RM 6W, and RM 6E.

The results of the BHHRA will be used to derive risk-based PRGs and AOPCs for the

FS, as well as to develop risk management recommendations for the Site. In addition,

the BHHRA may be consulted by risk managers as they deliberate practical risk
management objectives during the course of the FS.
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+06.0 UNCERTAINTY ANALYSIS

The presence of uncertainty is inherent in the risk assessment processbneertatnty-is
asseetated-with-every-step-ofarisk-assessment, from the sampling and analysis of
chemicals in environmental media to the assessment of exposure and toxicity, and the
risk characterization—. EPA policy calls for numerical risk estimates to always be
accompanied by descriptive information regarding the uncertainties of each step in
the risk assessment to ensure an objective and balanced characterization of the true

risks and hazards— e e ee s b st de e e e

The termRMrm- “uncertainty” is often used in risk assessment to describe what are,
in reality, two conceptually different terms:— uncertainty and variability—.
Uncertainty can be described as the lack of a precise knowledge resulting in a
fundamental data gap—. Variability describes the natural heterogeneity of a
population—. Uncertainty can sometimes be reduced or eliminated through further
measurements or study—. By contrast, variability is inherent in what is being
observed—. Although variability can be better understood, it cannot be reduced

through further measurement or studv, although it may be more premselv deﬁned—

adé&eﬂa-l—éa%a—aﬂd—the addrtronal cost of further data collectlon may become
dlsproportlonal to the reductlon in uncertalntv— Hneertainty-can-have-two
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The risks and hazards presented are consistent with EPA’s stated risk management
goal of being protective of 90 to 95 percent of the potentially exposed population—.
However, these estimates are based on numerous and often conservative assumptions
and, in the absence of definitive information, —assumptions are used to ensure that
actual sites risks are not underestimated—. The cumulative effect of these assumptions
can result in an analysis having an overall conservativeness greater than the
individual components—. Accordingly, it is important to note that the risks presented
here are based on numerous conservative assumptions in order to be protective of

human health and to ensure that the risks presented here are more likely to be

overestimated rather than underestimated
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6.1 DATA EVALUATION

As discussed in Section 2, sediment, surface water, groundwater seep, and biota data
were data-collected during the RI.; D-as-well-as-data of confirmed quality that meet
the DQOs for risk assessment; were used in this BHHRA to estimate risksexposures:
. Although uncertainty is 1nherent in environmental sampling, Sediment-surface
1Tl Ferea e PR
ubse of the EPA’s DQO planning process (EPA 2000e) minimized the uncertainty
associated with the data collected during the RI;-however;some-amount-of

uneertainty is-inherentin-environmental samphing—. ThefollowingA discussion of
key data evaluation uncertainties have-been-identifiedis presented in the following

sections.
. ) «- - — | Formatted: Outline numbered + Level: 3 +
6.1.1 Use of Target Species to Represent All Types of Biota Consumed Numbering Style: 1, 2, 3, ... + Start at: 1 +
L X . Alignment: Left + Aligned at: 0.31" + Tab
Because it is not practical to collect samples of every resident fish and shellfish after: 1"+ Indent at: 1"

species consumed by humans within the Study Area, as recommended by EPA
guidance (2000a), target resident species were selected to represent the diet of all
bieta-types likely consumed by humans;-as-recommended-by-EPA-guidance(2000a)-
. Four target species were collected to represent residentfish-tissuea diet consisting of
resident fish: {smallmouth bass, black crappie, common carp, and brown bullhead. );
Crayfish and clam tissue samplesand-tweo-speeies were collected to represent a diet
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containing locally-harvested shellfish-dietferayfish-and-elam)y—. Factors considered

in selecting the target species included:- likely consumption by humans, home range,
the potential for bioaccumulation of COPCs, the trophic level of species, and their
abundance.

%Heeted—?m%hemer%th%em&eenﬁaﬂens—ef—PCBs mmeh—ls—th%ehemew
sroup-with-representing the greatest eentribution-contributors to the estimated risks,
are-and detected concentrations are generally-highest in smallmouth bass and
common carp—be%h—etlwhieh—wer%meh@ed—m—ﬂa%ﬁﬁ&’\— Therefore, the use of
target resident species to-representas representative of all biota consumed should-notis
unlikely to #mpaet-the-conelusions-of this BHHRAunderestimate potential risks.;— ané
rmay--factoverestimate risks;-espeetalhy—Iff non-resident species are consumed, the

risks may be less, commensurate with the amount of non-resident species present in

the diet—.
. . ) ) «- — — | Formatted: Outline numbered + Level: 3 +
6.1.2 Source of Chemicals for Anadromous and Wide-Ranging Fish Numbering Style: 1, 2, 3, ... + Start at: 1 +
Sp ecies Alignment: Left + Aligned at: 0.31" + Tab

after: 1" + Indent at: 1"

NEornon-residentfish-Sspeetes;salmon, lamprey, and sturgeon_have traditionally
represented a substantial portion of

were-chesen-as-target non-residentfish-speeiesto
the tribal-fish tissue-diet_of tribal members—. TDue-to-the life-eyeles-of these-species;
these fish-species likely spend seme-a substantial portion of their lives outside of the

Study Area#h%tm%sperﬁ—e&&s*é%th%smdyﬂxfea—may—b%ﬁgmﬁeaﬂ&fef

eﬁts&d&ef—the—smd-y%&ea, and thus contammant concentrations in these species may
bear little relationship to sediment concentrations in the Study Area—.

The Washington Department of Ecology analyzed returning fall Chinook salmon, as
fillet tissue with skin, collected from three coastal rivers- (the Queets, Quinault, and
Chehalis Rivers) in 2004 (Ecology 2007).— PCBs as Aroclors were detected at
concentrations ranging from 5.0 pg/kg to 6.3 pg/kg in the Ecology study, relative to
the maximum detected concentration of 20 pg/kg for salmon fillet tissue with skin
collected from the Lower Willamette. The dioxin TEQ concentrations ranged from
0.09 picograms per gram (pg/g) to 0.23 pg/g in the Washington coastal rivers relative
to the maximum detected concentration of 2 pg/g for salmon fillet tissue with skin
collected from the Lower Willamette—. A comparison of the tissue concentrations
from the Ecology study and the Lower Willamette indicates that the concentration of
PCBs measured as Aroclors and congeners are noticeably greater in salmon collected
from the Clackamas fish hatchery relative to concentrations detected in the Ecology
study—. The reported concentrations of total DDT and dioxins as TEQs are generally
consistent between the Ecology study and results from Portland Harbor—. These
results are presented-summarized in Table 6-2—. While the Chehalis River passes

209



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

through some developed areas and therefore may have localized sources, both the
Queets and Quinault Rivers are located almost entirely within Olympic National
Forest and wilderness areas, so the potential for contribution from localized sources

should be minimal—. Fheseresultsindicate that sources-of chemicals-outside-of the
- ‘[Formatted: Indent: Left: 0.5"
“Iln ‘{Formatted: Normal, Indent: Left: 0.5", Space J
%den%ﬁsh—speeles—af}d—whether—the degree to Wthh theseehemwalscontammant After: 0 pt

concentrations in anadromous fish are aetaaly-due to exposures that occur within the
Study Area is unknown-—. However, approximately 95 percent of the cumulative sisk
fremtribal fish consumption risk is due to ehemieal-concentrations-contaminants
detected in res1dent fishspecies, even though res&deﬂeﬁsl&th they only account for 50

contribute-to-coneentrations-in-non-restdent-fish-species-as~wel—As a result, the
uncertainty associated with the source of chemicals to non-resident fish species
should not impaet-affect the conclusions of this BHHRA—.

. . . «- — — | Formatted: Outline numbered + Level: 3 +
6.1.3 Use of Either Whole Body or Fillet Samples to Represent AH-Fish Numbering Style: 1, 2, 3, ... + Start at: 1 +
consu mption Alignment: Left + Aligned at: 0.31" + Tab

after: 1" + Indent at: 1"
Chemicals-bioaceumulate-differentlhy-andareDifferent contaminants are preferentially

accumulated in different parts of an organism—, Organic compounds tend to

accumulate mere-to a greater degree in the-fatty-tissues with a higher fat content, and

while heavy metals accumulate more in muscle tissues—. Thus, diets consisting of

different parts of the fish would result in varying levels of exposure to the consumers
. The ehemieals-COPCs with the greatest contribution to the cumulative eaneerrisk

and wrth—th%h&ghest—neﬂeaneer—HQhazard are persistent PEBschlorinated organic
compounds (PCBs, DDx, and various PCDD/PCDF congeners);-which-are-organie

compeunds- that preferentially accumulate preferentiatly-in fatty tissue—. Biets

eensumpﬂen—ef—ﬁshas%umeﬂen—As dlscussed in Attachment F6, the dlfference in

measured concentratlons between ﬁllet and whole body can be as great as a factor of
D h haon N N
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Based on information presented in the Columbia Slough consumption survey
(Adolfson 1996), the majority of fishers surveyed are-most-tikelyto-consume only the
fillet-portion-ofthefish, which may not include skin—. Based-According to en-the
CRITFC Eish-Censumption-Survey (CRITFC 1994), tribal fish consumers are also

most likely to consume enby-the fillet-pertion-of-the-fishwhich-maynotincladeskin-
. However, beeaus%some 1nd1v1duals or groups may—consume other portlons of the

%Ww@%Assummg a dlet of Whole body or

fillet tissue with skin represents a conservative assumption andFhis-appreach
prov1des %h%pe%enﬂa%a range of I‘lSkS assomated Wlth %h%dlfferent éemdletag habits;

mk&e%%eé%nﬁmresaﬁem%&B%MM—Because itis unhkely that a

diet consists entirely of whole body tissue, the evaluation of risks associated with
consumption of only whole body tissue provides a health protective approach.

«- - — | Formatted: Outline numbered + Level: 3 +

6.1.4 Use of Undepurated Tissue to Represent Clam Consumption [ Numbering Style: 1, 2, 3, ... + Start at: 1 +
L o . Alignment: Left + Aligned at: 0.31" + Tab
CSlam-OThe-majority-of nly a limited number clam- tissue samples (five of 22) after: 1"+ Indent at: 1"

collected threugheutin mestefthe Study Area was-were not depurated anabyzed

prior o analvs i espdemrebedb e ndbon e T b oo el

samples-were-depurated-before-analysis—. Depuration A-is a common practice in the
preparation of clams -tissae-for human consumption-inehades-depuration, although

undepurated-elamthey may also be consumed undepurated—. Fhe-ameuntof CORC-

be-adheredto-sediment-particleswathin-t 1t
y-be-aanereato-seatment-particreS-withint t

SN
SHhd

(—\Val—l—ner—Keraﬂaeh—et—al—w%—Wlth the exceptlon of—a fe%certam metals average

chemical concentrations detected in clam tissue in the Study Area were higher in

undepurated elam-tissue-coHeected-at the-Study-Area-than in depurated elam-tissue
colleeted-at-the Study-Areasamples—. However, depurated clam tissue aceounted-for
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onbyfrve-ofthe 22elam-samples were collected forthe BHHRA-datasetand-these

depurated-samples-were-collected-from edges of the site {at the northern and southern
stretches)—, and the %e%*%%%&m%eﬁwnﬂes—asse&a{ed—w&h—eempa%mg

a a i hese-concentrations are
shown in th%EPG&ables%See&eﬂ%{Tables 3 24 and 3- 25% Using the analytieal
concentrations ef-from undepurated tissue-to-represent-tissue-consumption-throughout
most-ofthe-Stady-Areasamples provides a health-protective approach to assessing
risk from consumption of clams-tissae-consumption.

6.1.5 Use of Different Tissue Fypes-Sample Preparation to Assess the

Same Chemical

Samples Rof rEerresident fish tissue samples-from the-Round 1 were analyzed for
sampling-event-mercury was-analyzed-in fillet tissutissue e-without skin—Fer
resident-tissue-samples—from-the, while during Round 3, smallmouth bass and

common carp s&mpl—mg—%ve&t—mereu%yﬁ—was amples were analyzed in ﬁllet tlssue
with skin-- » :

fPhes%ﬁHetThe Round 1 and Round 3

datasets were combined for Study Area analys1s.—._F or the reasons presented in
Section 6.1.3, the comparability of analytical data from fillet tissue with skin and
fillet tissue without skin creates uncertainty in the BHHRA—. Because mercury
preferentially accumulates in muscle tissue, ene-would-expeetmerenry-concentrations
would te-be shightly~expected to be higher in the fillet tissue samples without skin—.
However, for the-smallmouth bass, mercury concentrations were generally higher in
fillet tissue with skin, and-while in common carp; mercury concentrations were
generally higher in fillet tissue without skin—. A comparison of mercury tissue
concentrations is provided in Table 6-3. The uncertainty associated with the use of
different tissue types to assess risks from mercury should not impaet-affect the
conclusions of this BHHRA—.

6.1.6 Exclusion of Results Where Detection Limits TFhat-Are

AbeveExceeded Analytical Concentration Goals{ACGs)

me%ed—deteeﬁm+hn%%€9]:s)%xeeed—d%@@s—Although Slte spemﬁc Analytlcal
Concentration Goals (ACGs) were established for each media, -the —Hewever;- ACGs

for some chemicals are-exeeptionally-—verylowand-in-seme-instaneeswere s-not

attainable some instances with present laboratory methods—. DLs for chemicals that
were analyzed but never detected were compared to the appropriate ACG for each
media—, and the results of that analy51s are presented in Tables 6-5 through 6- 7—
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Chemicals that were not detected were not quantitatively evaluated further-in this-the
BHHRA—. If chemicals were present at concentrations above the ACGs but below

the DLs, those chemicals eetld-contribute-to-unaceeptableriskswould contribute to

the estimated risk and hazard..— However, __given the number of chemicals that were
detected at concentrations above their respective ACGs and the magnitude of
difference between detected concentrations and ACGs, it is unlikely that exclusion of
chemicals that were not detected would #mpaet-affect the conclusions of this
BHHRA.
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As discussed in AttachmentF2Section 3.4, if the DL for a-givennon-detected result
was greater than the maximum detected concentration for an expesure-seenario-aned
exposure area, that result wasremoved-from-the-dataset prier00-tenot included when
calculating en-efthe EPCs—. These results are diseussed-in-AttachmentE2-and
presented in tables F2-7 through F2-13—. Inclusion of non-detected data greater than
the maximum detected concentrations would likely have resulted in higher risk
estimates in the risk characterization of the BHHRA.

— — 7| Formatted: Outline numbered + Level: 3 +

6.1.8 Using N-Qualified Data Numbering Style: 1, 2, 3, ... + Start at: 1 +
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qualifier, whichindieates-thatwhen the identity of the analyte is not definitive—Fhe

use-of the N-gqualifieris-, generally a result of the presence of an analytical
mterference in the sample—. Examples include samples analyzed for thechlormated of

Ppestlclde data—and—SivLQGs—aﬂa-lyzed—by EPA Method 808 lA Wthh were most

commonly N-qualified as a result of analytical interference due to the
preseeneepresence of PCBs in the samples—. These N-qualified data were used in the
BHHRA for calculating EPCs in fish and/or clam tissue—. The following COPCs
were included based solely using N-qualified data, and had eEstimated cancer risks

greater than 1x 10 or HQs greater than l—fel-lewmﬁ—analsftes— W%F%td—%ﬂﬂ-ﬁ%d—&s o {Formatted: Font: Times New Roman

o Alphaalpha-hexachloroeyelohexaneHexachlorocyclohexane (fish tissue); = {Formatted: Space After: 6 pt, Bulleted +

Level: 1 + Aligned at: 0.75" + Indent at: 1"
e beta-hexachlorocyclohexane; (fish tissue)-and
e gamma-hexachlorocyclohexane (fish tissue)

e Heptachlor epoxide (clam tissue)

%ﬁ%mnﬁ&net%that—therels—uﬂe%tmntyhm—both the 1dent1ty and concentratlon of
these contaminants_in fish/clam tissue is uncertain—Fhese-centaminants, and they

were not detected in abiotic media at levels posing risk to human health—. AttachA
discussion of mentFé6-diseusses-how EPCs and risk estimates would change for adult
consumption of whole body fish tissue and shellfish tissue if N-qualified data were
not included in the BHHRA dataset is presented in Attachment F6.:
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WASs-deseribed-inAttachmentFl-when eoncentrationsdata are presented as summed
values (e.g., total PCB congeners), one-half the detection limit When-was used as a

surrogate concentration when calculating the summed value for those
}Hdw&éua-lspemﬁc analytes reported as non-detect-when-ealenlatinethe summed

the detection limit assumes that there is equal probability that the actual concentration
in the sample may be greater or less than the surrogate value;-and-intreduces
wheertainty-into-the summed-analbyteealenlations—. In general, the detection limits for
non-detect results were low relative to detected concentrations—. In addition, by only
including those contaminants that were determined to be present in a given medium,
the uncertamty ass001ated w1th the use of non- -detect results was minimized—.

— — 7| Formatted: Outline numbered + Level: 3 +
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eertainnot all ﬁsh tissue samples were analyzed for arsubsekeﬁthethe same sulte of
analytes—. For example, samples collected in Round 1 fillet-tissue-samples-were noet

analyzed for PCB _as Aroclors, but no analysis was done for --dioxins s-erand furans
congenerswere-notmeasured-—. Fillet samples of s—while-s—Smallmouth bass and
common carp fillet-samplesTn-collected in Reund-Round 3B;-smallmouth-bass-and
commeon-carp-fillettissue-samples were analyzed for speeifie- PCB, dioxin, and furan
congeners—. In samples where congeners were analyzed, the risks from the total
dioxin TEQ, which is not ineluded-through-etheranabytesotherwise measured G-e

e e bee RO e e Lo b e B0 00 e doelos o comprise
approximately 1 to 70 percent of the cumulative risks.— Therefore, the risks from
consumption of black crappie and brown bullhead fillet tissue, which were only
analyzed in Round 1, likely underestimate the actual risks particularly in those areas

where PCBs and d10x1n/furans are the predominant contamlnants— Heweve%

In addition, not all clam samples were analyzed for the same number of contaminants;
due to lack-ef-avatlablelimited tissue mass fer-of some composites collected during
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t—heRound 2%mphﬂg—eﬁfoﬁs— Table 6-8 presents a lrstmg of analyses not completed
for Missin an 3

Reuﬂd—il—ar%shewn—m pec1ﬁc sample —T—ableé—g— Addmonal samples were
collected iin Round 3B; additienal-elamsamples—were-coleeted-and analyzed for
additional-a greater number of specific contaminants—. The Round 2 and Round 3B
clam tissue data were combined and evaluated on a river-mile basis in the BHHRA—.
Therefore EPCs were ava11able for almost all COPCs in each exposure area.—kEaek

— - 7| Formatted: Outline numbered + Level: 3 +
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. . . . . Alignment: Left + Aligned at: 0.31" + Tab
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chemicals and chemical groups were chosen for analysis based on an investigation of

known or probable sources at in the LWR. and-pellutantscontaminants— Beeause
However, the chemicals expected to have the potential for significant contributions to
risk are included in the risk assessment;-chemicalsnotineluded-as-analytesintroduce
atowlevelof uncertainty-to-overalhrisk—. The list of chemicals for analysis was
determined in collaboration with EPA and its partners and was-ineluded-presented in

the approved sampling and analysis plan-that-was-appreoved-byEPA—. Sinee
thenSubsequently, there has been interest in two additional groups of chemicals-that

wer%no{—rﬂeluéed—as—aﬂal-ytes—m—tms—BHHPnAr polybrominated diphenyl ethers
(PBDESs) and volatile organic compounds (VOCs) in tissue—. Risks have
subsequently been assessed for exposures to PBDEs in in-water sediment and resident
fish tissue, as presented in Attachment F3—.

VOCs were not analyzed in tissue or surface waterthe BHHRA-tissue-orsurface-water
datasets samples.— Because of their nature, -0 VOCs;-they are not expected to
accumulate in tissue to aa sufficient degree high-eneugh-to pose significant risk via
tisste-consumptions-espeetatty—given relative to the other chemicals detected in tissue
ther el e s conieibio s eth e enden e e e 200 o (Given the
magnitude of concentrations and toxicities of other chemicals that were analyzedfor
and-detected in surface water and tissue, VOCs are unlikely to contribute significantly
to the overall risks. Therefore, the lack of analysis for VOCs sheuldnetis unlikely to
impaet-alter the conclusions of this-the BHHRA.

- ‘[Formatted: Body Text Indent 2, Space After:
12 pt
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6.1.12 Chemicals That Were Analyzed But Not Included in BHHRA
Not all detected chemicals analyzed-for-were included in the BHHR A—Speeifieally;

o hat were inely a-this BHHRA are
. The following aThe-conventional-analytes and-metals-that
were excluded from assessment are either because there are no suspected sources, or
the analyte typically only present adverse health risks at high concentrations-isted

here:
e Ammonia e Magnesium e Phosphorus
e Calevm e Methane e Potassium
e (Calcium carbonate e Nitrate e Silica
o (Carbondioxide e Nitrite e Sodum
e Chloride e Oxygen e Sulfate ]
e [Ethane e Phosphate e Sulfidle D
e FEthylene k.

7416.1.13 Data Not Included in BHHRA due to Collection Date \

Data collected after June 2008 were not included in this-the BHHRA due to the
completion schedule of eeHection-date-ofthe-datarelativeto-the RI/FS-completion
sehedule—. These data sets are discussed in the Portland Harbor RI Report, and
include a number of in-water sediment samples—. Beeause-these-data-were-net

BHHR A here nee n nthe 1n o

sediment BHHRA dataset, this uncertainty is not expected to #mpaetaffect the overall
conclusions of this-the BHHRA.
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pfewd%a—eeﬂsew&m%esﬂma{%eﬁtsleComposumg schemes ﬁeed—te—bewere

developed to be representative of the medium sampled (grid-pattern;stratified
random;-eteand to be representative of an-cach exposure unit—.

Fish were composited based on an estimate of the average home range for each
species (ODFW 2005)—. The home ranges for common carp and brown bullhead may
be as large as-or larger than the Study Area-and-pessibly-eventarger, and-the home
range for bass may be larger or smaller than the one mile assumed in the BHHRA-—.
For example, bass may only reside on one side of a river mile reach instead of
throughout the one mile reach on both sides of the river-as-assumed-for-the HHRA—.
Smallmouth bass were composited on a river mile basis, while black crappie, brown
bullhead, and carp were composited on a fishing zone basis. Fishing zones for brown
bullhead and black crappie were from RM-RM 3-6 and RM-RM 6-9; fishing zones for
common carp were from RM-RM 0-4, RM-RM 4-8 and RM-RM 8-12-as-wel—.
Uneeﬁamﬁ'—%tsts—m—&hﬂrsﬂowever the composmng scheme—bee&us%th%dehﬂe&ﬁeﬂ—ef

§ represents only an
approx1mat10n of the horne ranges of the ﬁsh samp%es—aetu&}lycollected—Hewever—
compeosite-samples, and typically consisted of five individual fish—. ;+Replicate
composite samples were collected, and risks were evaluated using both for-individual
sampletoeationsthe composite samples as well as on a Study Area-wide basis—.
Jihefefe%%th%eempe&ﬁmgﬂﬂethed—feﬂﬁe%a—ls—lw%eepe&edWhere contaminants are
evaluated on a harbor-wide basis and/or specific species are wide-ranging, this
process is not likely to have an appreciable to-impaet-effect on the conclusions of
theis BHHRA—. However, where samples are composited over an area larger than the
actual home range of specific fish species, the result may either over- or
underestimate risks, depending on the distribution of contaminant concentrations in
the area over which samples are composited—. For example, the highest DDx
concentrations are located on the west side of the river at RM- 7.5, while the EPC for
smallmouth bass at that river mile combined data collected from both sides of the
river.

Beach sediment was composited on a beach by beach basis, resulting in ere-a single
sample result for each exposure area—. Uncertainty exists+nstems from this
compositing scheme because the results of the risk evaluation are dependent on a
single sample—. Composite samples are generally assumed to represent the area from
which the individual samples of the composite were taken, but an unrepresentative
individual sample (e.g., one representing extremely localized or ephemeral
contamination) used in the composite could significantly bias the composite results—.
The compositing scheme for beaches results in risk evaluation based on a single
sample at a single point in time—. If a beach was found to pose an unacceptable risk,
additional samples at that beach might be warranted—. However, all of the beach
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sediment exposure scenarios ranged from 8- x_ 107 to 9x x 107, which are below
or within the target risk range of 1 x 1 0* to 1 X -107°.

+136.1.15 Mislabeling of Smallmouth Bass Fish Sample

One smallmouth bass sample collected from the west side of RM-RM 11 (LW3-
SB11W-11) during the Round 3 sampling event was incorrectly recorded as LW3-
SBI11E-01 (RM-RM 11 east) at the field lab—. This fish became part of the final
LW3-SB11E-C00B and LW3-SB11E-COOF composite samples, which are the body
and fillet composites from RM-RM 11 east—. Fish SB11E-01 (actually from SB11W)
accounted for 15% percent of both sample types on a mass basis—. Thisresultsin

A1 2 om-outside RM-1HE was-included-in-the composite.-However,
since smallmouth bass exposure areas are-were assessed on a river mile basis, the data
from RM-RM 11E and RM-RM 11W were included in the same EPC calculations,
and the effects of this uncertainty are not expected to #mpaet-affect the conclusions of
this BHHRA—.

+26.2 _EXPOSURE ASSESSMENT

Uncertainties that arise during the exposure assessment can typically have some of
the greatest #mpaets-effect on therisk estimates—. The following subsections address
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uncertainties associated with exposure models, exposure scenarios, exposure factors,
and EPCs used in the risk estimates.
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a-transport medium, an exposure point, and an exposure route—. Subsurface sediment
was not considered an exposure medium ferthisin the BHHRA because it was
assumed that any-potential human contact with river sediment below 30 cm in depth
was unlikely, and-or that if it does occur, the frequency and extent would be minimal-
. Situations #n-which may result in human exposure to subsurface might-oecenr
include: potential scouring, natural hydraulic events that are not well understood,
future development of near-shore and upland properties, maintenance of the federal
navigation channel, ports, and docks, placement and maintenance of cable and pipe
crossings, pilings and dolphins, anchoring and spudding of vessels, and exposure to

propeller wash from vessels— s et e e e L

#em—mtﬂﬂp%%@epesw&paﬂrways—fer—ﬂ%swd—y%ea—Due to the low levelrs—potentla
of pessible-exposure to subsurface sediment, this-uneertaintyis-notexpeeted-to
impaet-the-conclusions-ofthisthe estimates presented in the BHHRA are considered

sufficiently representative of baseline exposures.

— — | Formatted: Outline numbered + Level: 3 +
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Regma—k@—ﬂ*%uncertamtles assomated with these exposure scenarios- evaluated in
the BHHRA are are-discussed in the following subsections—.
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A commercial crayfish fishery exists-has-existedexists in the LWR, and c—Crayfish
landings must be reported to ODFW by water body and county—.— Per ODFW, the
crayfish fishery in the LWR is not considered a large fishery (Grooms 2008), and -
Based-on- ODEW s-datafor 2005-t0-2007no commercial crayfish landings were
reported for the Willamette River in Multnomah County _from 2005 to 2007—. DHS

had previously received information from ODFW indicating that an average of 4,300
pounds of crayfish were harvested commercially from the portion of the Willamette
River within Multnomah County each of the five years from 1997-2001. In addition
to this historical commercial crayfish harvesting, DHS occasionally receives calls
from citizens who are interested in harvesting crayfish from local waters who are
interested in fish advisory information. According to a member of the Oregon Bass
and Panfish club, crayfish traps are placed in the Portland Harbor Superfund Site
boundaries and collected for bait and possibly consumption (ATSDR 2006)—. It is
not known to what extent non-commercial harvesting of crayfish occurs within the
Study Area, if at all, or whether those crayfish are consumed and/or used for bait.

Evidence of current consumption of freshwater clams from Portland Harbor is largely
aneedotallimited—. The-onlyreported-clam-econsumption-wasfromAccording to a
project conducted by the Linnton Community Center (Wagner 2004), transients
reportedly consume clams from the river on a limited and infrequent basis—. As part
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of the project, conversations were conducted with transients about their consumption
of fish or shellfish from the Willamette River—. These conversations were not
conducted by a trained individual aer-and were the-eonversationsnot documented—.
The-transients that-were-contacted-reported consuming various fish species, as well as
crayfish and clams, and —Mmany efthe-individuals-indicated that they were in the
area temporarily, move from location to location frequently, or have variable diets
based on what is easily available—. Assuming that clam consumption occurs, the
Linnton Community Center project suggests that it does not occur on an ongoing
basis within the Study Area— DEQ and EPA staff have occasionally received calls
from individuals who claim to have harvested clams and are inquiring whether
consumption is safe, and individuals of apparent southeast Asian descent have been
observed harvesting clams from the shore in Portland—. However, the actual extent to
which freshwater clams or other shellfish are currently harvested and consumed is not
known.

el g - .
proteetive-approach:

+2-336.2.2.2 Wet Suit Divers B

Commercial diving companies in the Portland area were contacted to develop a better
understanding of potential diver exposures within the Study Area—. All of the diving
companies that were contacted indicated that the standard of practice for commercial
divers is the use of dry suits and helmets when diving in the LWR (Hutton 2008,
Johns 2008, and Burch 2008)—. EPA Region 10 reported observing divers in wet
suits and w1th regulators that are held with the dlver s teeth w1th1n the Study Area%

seeﬂaﬂes—wefe—me}uded—&t—ﬂ&&dtfeeaeﬁ—ef—EPA— Eva{ua&eﬂ—An evaluatlon was also
performed of helmet diving with use of a neck dam, which allows can allow petuted
water eakage-to leak into the diving helmet—. Commercial divers as recently as 2009
have been observed using techniques to don a diving helmet which increase exposure
(Sheldrake personal communication with RSS, 2009, DEQ, 2008). The observed wet
suit divers were performing environmental investigation and remedial activities,
which are not activities evaluated as part of a commercial diver scenario—. Also, it is
not known whether the individuals who were observed diving in wet suits on specific
occasions are diving within the Study Area on a regular basis, as they do not work for
the commercial diving companies in the Portland area—. Recreational diving also
takes place in Portland Harbor (Oregon Public Broadcasting Think Out Loud, "Are
you going to swim in that?" August 22, 2008). Therefore, including a wet suit diver
scenario with associated ingestion from use of a recreational type regulator, rather
than a full face mask or diving helmet, and full body dermal exposure in this BHHRA
(in addition to a dry suit diver scenario) is a conservative approach.

222

-| Formatted: Outline numbered + Level: 4 +

Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.75" + Tab
after: 0.88" + Indent at: 1.38"




Portland Harbor RI/FS
Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011
) «- — — 7| Formatted: Outline numbered + Level: 4 +
+23-46.2.2.3 Domestic Water Users Numbering Style: 1, 2, 3, ... + Start at: 1 +
The domestic-wateruserrisksevaluation of surface water as a domestic water source Alignment: Left + Aligned at: 0.75"+ Tab

after: 0.88" + Indent at: 1.38"

are-is based on the hypetheticaluse-efassumption that srtreated-surface water is
drawn from the Study Area-as-a-domestie-watersouree—. Within tSurfacewaterinthe

Study Area, the LWR within-the-Stady-Area-is not currently used as a domestic water
source—. According to the City of Portland, the primary domestic water source for
Portland is the Bull Run watershed, which is supplemented by a groundwater supply
from the Columbia South Shore Well Field (City of Portland 2008)—. In addition, the
Willamette River was determined not to be a viable water source for future water
demands through 2030 (City of Portland 2008)—.

- { Formatted: Indent: Left: 0"

Therefore, the evaluation of untreated-surface water as a domestic water source;-even

uwnderhypothetical future-conditions; is a conservative approach and is not based on

current knowledge of future planned uses of the Willamette River within the Study

Area as a domestic water-seuree-orbased-on-Oregonrulesthatrequire-adequate

pretreatment.
. ) . «- — — | Formatted: Outline numbered + Level: 3 +
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insignificant were not evaluated further in this BHHRA-—. As described in Section
3.2, these exposure pathways have a “source or release from a source, an exposure
point where contact can occur, and an exposure route by which contact can occur;
however, the pathway is considered a negligible contributor to the overall risk.”— The
exposure pathways identified as potentially complete and insignificant were related to
Willamette River surface water exposures to populations evaluated in this BHHRA—.
Fhe-Ingestion and dermal absorption of chemicals from surface water were
quantitatively evaluated for the populations that are expected to have the most

frequent contact wrth surface water{&ranﬁents—reereaﬂenal—beaeh—users—and

sSurface water exposures were not evaluated were for dockside workers, in-water

Workers tribal ﬁshers and fishers.—. Forseveral other populations.-only the

Theis BHHRA identified and evaluated the exposure pathways that were expected to
result in the most significant exposure to COPCs in the Study Area—. The magnitude
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of exposures experienced by populations for these exposure pathways are typically
expected to be much greater than that expected for the exposure pathways identified
as “insignificant.”-

Thus, the assessment of risk to populations from exposure pathways that were
quantitatively evaluated in this BHHRA would be adequately protective of exposed
populations in the Study Area—. However, the uncertainty associated with not
directly evaluating—instgnifieant” exposure pathways_considered insignificant could
underestimate risks for the Study Area—. Due to the low levels-efpessiblepotential of

exposure for these “insignificant’expesure-pathways, this uncertainty is not expected
to impact the conclusions of this BHHRA.

- - 7| Formatted: Outline numbered + Level: 3 +
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assessment—. As discussed previously, the scenarios evaluated are representative of
exposures that could occur in the Study Area under either current or future conditions:

. RME and CT values were used for seme-ef-the exposure scenarios to evalaate-help
assess the overall impaet-effect that variability in each of the exposure assumptions

has on the rlsk estimates—. As-diseussed-previousty—mest-ofthe RME secenarios

m—th%pfeseﬁt—and—futu{c%The range of r1sk estlmates between these two exposure
scenarios provides a measure of the uncertainty surrounding these estimates—.

For-fish-consumptionAsa range of ingestion rates for fish consumption were used to
evaluate Varlablhty on the nsk estlmates—ésee—dise&ss*eﬂ—etle*pesme—p&mﬁaetefs—fef

was4es&thané} aﬂeLthus the resultlng rlsks in th1s BHHRA represent a range of
possible human-healthrisksoutcomes, including estimates that smightmay be

representatlve of the upper range of plausible exposuresfat-into-the-hich-end-efthese

The following exposure factor uncertainties have been identified and analyzed further
to determine the potential effects on the risk estimates:
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+2516.2.4.1 Exposure Parameters for Sediment Exposure Scenarios

The parameters used in the BHHRA to evaluate beach and in-water sediment
exposure parameters-used #-this BHHRA-were intended to provide conservative
estimates efbased on potential uses fer-in the Study Area.

Beach areas that are accessible to the general public were identified as potential
human use areas, even though it is not known whether recreational beach use actually
occurs at these locations—Even-+ifbeach-use-oeeurs;, and the extent to which the
beach is-may be used and the nature of the contact with sediments/beach is unknowns-
. Future changes in land use may make some beach areas mere-more- or fess-less-
accessible to the general publicferhumans, which increases uncertainty about future
exposure—. Fer-When evaluating in-water sediment, every-each }4-on-half mile river
mile segment on each side of the navigation channel was considered a potential
exposure area for all in-water sediment exposure scenarios, regardless of the
feasibility or practicality of use of the area—. Information from this approach can be
used to informRMrm -the public about relative risks throughout the river and can

help focus the feasibility study;butlikely-over-estimatesrisk-estimatesforin—water
e,

There are uncertainties The-associated in the selection of the exposure duration,
frequency, and intake parameters for-used to evaluate both beach and in-water
sediment alse-have-assoctatedexposures-uneertainties—. These scenarios assume
expesure-to-thelong-termRM-rm repeated use of the same beach or J.-one-half mile
rlver mile segment which may not accurately reﬂect actual use practlces—fer—aﬂ—enme

The exposure Ffequeﬂeyfrequenmes evaluated e#@epesuf%ranges frorn 94

94 days/year up to 250 days/year—. Default intake parameters for soil exposure were
generally used; however, to account for an assumed greater moisture content of beach
sediments, the dermal adherence factor (dermal-contact-with-sediment)-foraused to
evaluate child recreational beach user-exposure was more-thant+0-times]0-fold
greater than the default for soil—.

abserp&eniaete%whwhdees&e%%sﬁe%@@%s—PerConsmtem with EPA

guidance (2004), only those compounds or classes of compounds for which dermal
absorption factors exist-are available were quantitatively evaluated guantitatively

forvia the-dermal contact exposure-pathway—. ForeompoundsCOPCs for which
witheut-dermal absorption factors were not available were not quantitatively

evaluated, as dermal absorption was essentially assumed to be zero—. However, as

the ma]orltv of COPCS were quantltatlvelv evaluated,;which-for-the sediment COPCs
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with-sediment-forcertain-metals-and-perehlorate; this uncertainty weuld-does not
substantially change the conclusions of this BHHRA—.

Most of the uncertainties associated with the sediment exposure parameters are likely
to overestimate the risks associated w1th direct exposure to sed1ment— Hewwer,—a-l—l

#2526.2.4.2 Exposure Parameters for Surface Water and Groundwater *

Seep Exposure Scenarios

semeeﬁhe@@?@s—fa#emﬁdeﬂﬁhﬁ%edlem%mﬂam—%eaﬁeaﬂyAlthoug

dermal absorption of PAHs from water was quantitatively evaluated in the BHHRA,
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the dermal permeability coefficient (K,) falls outside of the effective predictive
domain (EPD) for a number of the PAHs, including the following-EOPCs:

° Benzo(a)anthracene - - - ‘[Formatted: Space After: 6 pt

e Benzo(a)pyrene

e Benzo(b)fluoranthene

e Indeno(1,2,3-cd)pyrene
e Dibenzo(a,h)anthracene

EPA dermal assessment guidance (EPA 2004) states that “Attheugh-although the
methodology [for predicting the absorbed dose per event] can be used to predict
dermal exposures and risk to contaminants in water outside the EPD, there appears to
be greater uncertainty for these contaminants.”— The range of uncertainty associated
with the Kp value can be several orders of magnitude—. For instance, the predicted
Kp value recommended by EPA (2004) for benzo(a)pyrene is 0.7 centimeters per
hour (cm/hr), while the range of predicted Kp values presented by EPA (2004) is
0.024 cm/hr (95% percent lower confidence level) to 20 cm/hr (95% percent upper
confidence level)—. This uncertainty could result in over-estimation or under-
estimation of risk from exposure to surface water—. With the exception of arsenic, the
only exceedances of 1 x 10 risk from surface water scenarios are the result of
dermal exposure to PAHs in surface water—. However, all of the surface water
exposure scenarios were below or within the target risk range of 1 x 10 to 1

x 10°.
; ; ; ; «— — — 7| Formatted: Outline numbered + Level: 4 +
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Site-specific information regarding fish consumption is not available for Portland
Harbor—. In the absence of specific data, fish consumption data representative from
several sources was considered and selected as being representative of the general
population of the greater Portland area, as well as that portion of the population that
actively fishes the Lower Willamette and utilizes fish from the river as a partial

souree ol Toode—, Hhesmm e meesmnmetop e oo el e e sien bieh
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long-term-RM-rm averaged consumption rates—. Further, the large range between the
percentile values areis indicative of substantial variability in the underlying data—.

For example, consumption rates consumers-the are 200 g/day at the 90 _-percentile - {Formatted: Superscript

rate-for fish-consumers-is200-g/daywhile-and 506 g/day at the 96" 99t percentile—.
fate—}nel-ﬁéng—d&t-a—rega-rd-lﬁg—ﬁs-h—The consumption rate for consumers and non-

- {Formatted: Superscript

— ‘[Formatted: Superscript

m—ﬁsh—eensmm&en—mtes—ha—&ddﬂenAs dlscussed in Sectlon 3. 5 9 6, the RME
consumption rate selected for recreational fishers ¥he—the—9§ YUCL+rateof 73 g/day is
based on data from the Columbla Slough study—was—used—m—the—BH—H&A—as—the—the

BHH—M— ?he@e%umbw—&eugh—StudyThat study was a creel survey—, and the
representatlveness of thefs rate is dependent on several factors, As—a—resulft—the
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e e e e e oo —including but not

limited to:

e Willingness of anglers to participate

e Communication. If a substantial number of anglers consist of 1% or 2"
generation ethnic minorities, then language may be a barrier.

e Discrepancy between individuals who catch fish and those who prepare meals-
. Men generally fish but women generally prepare seafood and are much more
familiar with the mass of seafood consumed.

o Difficulty in translating from the items inspected in an angler’s basket to
portion sizes and amounts consumed, since this requires assumptions about
edible portions and cleaning factors.

e Lack of a random or representative sample—. Interviewers can only speak
with who they encounter.

¢ Timing and seasonality of interviews.

e Weather conditions may bias the results of any day’s interviews.

In addltlon &e—th%uﬁeefmnﬁes—behmd—to the f&tes—ef—ﬁsh—consumptlon,— rates, itwas

ye&ts—fer—the—&dﬁ}t—ﬁsher—seenaﬂes—Fﬁfthefmefeuncertalntv also ex1sts w1th respect

to the relative percentage of the diet of obtained from the Study Area versus other
nearby sources of fish, and the degree to which different methods of preparation and
cooking may reduce concentrations of persistent lipophilic contaminants;+00%

%h%@R—FFFGEsh—Geﬂsumpﬂen—SuweyLUncertamnes assomated W1th trlbal

consumption rates largely relate to limitations inherent in the CRTFIC consumption
survey on Wthh the consumptlon rates used in the BHHRA are based— —A—lse,—seme

GeﬂsumpﬂekaufveyThese consumptlon rates may abfe blased 10W for trlbal

members because:
e Tribal members who have a traditional lifestyle (and likely a higher

consumption rate) would have been unlikely to travel to the tribal offices that
were used for administering the CRITFC fish consumption interviews.
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e The fish consumption rates for some tribal members that were perceived as
being outliers (consumption rates were too high) were dropped from the
CRITFC data before the consumption rates were calculated.

e Current fish consumption rates may be suppressed and, therefore, do not
reflect the potential of the higher consumption rates if fishery resources
improved or if-_contaminant concentrations in the water body decrease.

were used with respect to exposure frequency and duration, as well as the relative
contribution of fish from the Lower Willamette to the overall tribal diet.- The
According to the CRITFC sCFish-Consumption-Survey, that-was-used-as-the-basis

for-the-tribal-fish-ingestionrate-alse-indieated-thatnone of the respondents fished the
Willamette River for resident fish and at most, approximately 4% percent fished the

Willamette River-for anadromous fish—. However, future use of the site by tribal

members may change 1—"PFrba4—member—whe4%a¥%a—tFad+ﬂeﬂ&l—hfesty4eaiad—weFe

[The-information suggestingregarding consumption of that-shellfish eensumption
may-oeceur-atfrom the Study Area eemes-frem-arelies in part from information
obtained from a community project sponsored by the Linnton Community Center, as
discussed in Section 3.3.6—. However, it is not known to what extent shellfish
consumption actually occurs—. Because site-specific shellfish #ngestion-consumption
rates are not available, nationwide CSFII (USDA 1998) shellfish consumptlon data

were used—te—ealeul—a{%tafget—ﬁssa%}eve}s—fer—elams—aﬂd-emyﬁsh— T—heL()é —pefeen&le

the rates for for ﬁsh mgesﬂen— onsumptlonra{es—feﬁaéult—eensumens these shel—l—ﬁs—h
mgesﬂen—lta{es—are based on per caplta consumptlon rates from the general populatlon

baseekeﬁbeelﬁreensumersﬂaénen—eensumem In the nat10nw1de survey, shrlmp -

whichis-netfound-within-the Stady-Area-accounted for more than 80% percent of
the shellfish consumed—.— Crayfish-crayfish accounted for less than +9%one percent
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of theshellfish-consumeddiet, and freshwater clams were not included in the
nationwide survey—. It is not known to what extent fishers substitute alternative local
types of shellfish—. However, forfreshwater-habitat-onby,-whichis-the-same-as-the
S%udy—Area—the mean nationwide shellfish consumption rate from freshwater sources

is 0.01 g/day; upper percentiles for freshwater shellfish consumption rates are not
available (EPA 2002b).

%W%a%h&éee@%s&%&d&hﬁh%The upper and lower bounds

magnitude-of uncertainty asseeiated-with-expesure-parametersforrelating to tissue
fish the shellfish consumption ingestion-seenarios-was-estimated-for the BHHRA

based-on-the-datapresented-abeve;and-is discussed in Attachment F6.

H : ; f «- — ~ 7| Formatted: Outline numbered + Level: 4 +
+25:46.2.4.4 Assumptions about a Multi-Species Diet Numbering Style: 1, 2, 3, .. + Start at: 1 +
Uncertainties exist in the assumptions about the relative composition of a multi- Alignment: Left + Aligned at: 0.75" + Tab

. . .. . . . . after: 0.88" + Indent at: 1.38"
species diet-eomposition—. The non-tribal multi-species diet assumes equal

proportions of all four resident fish species—Fhe, the tribal multi-species diet eensists
assumed ef-equal proportions of the four resident fish species, as well as dietary
percentages of salmon, lamprey, and sturgeon that-comederived from the CRITFC
Fish-Censumption-sSurvey-(CRITEC1994)—. Variations of these dietary

assumptions frem-these-compositions-would result in different risk estimates—.
Because the risks from consumption of the individual species that make up the multi-

species diet were evaluated separately, the range of risks from fish consumption
scenarios encompasses the potential variations in the multi-species diet—. The range
of the magnitude of these risks was-betweent-and-8generally less than an order of
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magnitude, and is discussed further —Fhe-derivation-of theseriskrangesisfurther
diseussed-in Attachment F6—. -The magnitude in the difference of risk estimates

based on diet composition shows that this uncertainty could result in over or under-
estimation of actual risks from a multi-species diet.

+266.2.5

Exposure Point Concentrations

fepfeseﬂta%w&EP&The followmg EPGuncertamtles havebeefkldelﬁfﬁedrelated to
calculation of— EPCs and-for this risk assessment were analyzed further in-the
BHHRA-to determine the potential effects on the risk estimates.

#26-16.2.5.1 Using 5-10 Samples to Calculate the 95% percent UCL on
the Mean
Data sets with fewer than 10 samples per exposure area generally provide poor
estimates of the mean concentration, defined as a large difference between the sample
mean and the 95 percent UCL—. In general, the UCL approaches the true mean as

more samples are included in the calculatlonUsmg—}ess—than—te&samp}e—res&l—ts—te

@epesu%es— The Study Area Wlde ﬁsh tlssue EPCS that were calculated as 95747
percent UCL on the mean-eoneentrations; using less than 10 samples, included the
Stady-Area-wide- EPCs for whole body brown bullhead and fillet common carp—. The
maximam-EPCs for the individual exposure points for whole body brown bullhead
and fillet common carp were up to two times higher than the Study Area-wide EPCs,
as discussed in Attachment F6.

+2:6:26.2.5.2

Nondetects Greater than Maximum Detected
Concentrations

Consistent with EPA guidance, Individual nen-deteeted-analytical results reported as

non-detect for which the detection limit was greater than the maximum detected
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concentration in a given exposure area were removed from the dataset prior to
calculation of the 95% percent UCL-ealewtations—. These sample identifications,
detection limits, and associated maximum concentrations are diseussed-ane-listed by

media and exposure area in in-the tables in Attachment F2—eext—aﬁd—tab}es —A o= {Formatted: Not Highlight

eeﬂeemmﬁeﬂs—wef%wﬁhm—tweﬂde%s—ef—nmgm%&d%lf the “actual concentratlons

were closer to the detection limit for surface water and in-water sediment, the risk
estimates would still be less than 1 x 1075,

. . . «- — — 7| Formatted: Outline numbered + Level: 4 +
#26-36.2.5.3 Using the Maximum Concentration to Represent Exposure Numbering Style: 1, 2, 3, .. + Start at: 1 +

The maximum concentration was used Eer-casesin instances with-where there were A;itg“mg”;g '-Effl"dA”%“i‘d it3380-75" + Tab
after: 0.88" + Indent at: 1.38"
cither less than five detected samples-results or fives samples for a given analyte and

exposure areaﬁh%samp%%z%w&s—ne%saﬁﬁe&e&&e&ea%emﬁ%%w%eﬂ

fe%eﬂgemg—repeated—leﬂg-tefm—eepeswﬁes—Use of the maximum concentratlon to

represent exposure occurred for all media, and occurred most frequently for the fish
and shellfish consumption scenarios—. Contaminants and exposure points for which
the maximum detected concentration was used instead of a 95% percent UCL on the
mean are presented in the exposure point concentration tables in Section 3—. In some
cases, the maximum concentration for a contaminant was anomalously high, and may
not be representative of tissue concentrations resulting from exposure to CERCLA-
related contamination within the Study Area.
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Generally, the ratios between the maximum and minimum detected concentrations are
less than 3—. For in-water sediments, the ratios are less than 4—_When comparisons
are made within an exposure area for biota, the majority of the ratios of the 95%
percent UCL/maximum EPCs to the mean are equal to or less than 2, and the
remaining ratios are less than 4—. A more in-depth analysis of scenarios for which
using the maximum concentration to represent exposure significantly affected the
result of the risk estimate, and consequently which chemicals were designated as
contaminants potentially posing unacceptable risks for a scenario, is provided in
Attachment F6.

EPA’s UCL guidance (EPA 2002) notes that that defaulting to the maximum
observed concentration may not be protective when sample sizes are very small

because the observed max1mum may be smaller than the populatlon meanlihe

H H : «- — — 7| Formatted: Outline numbered + Level: 4 +
+26-46.2.5.4 Possible Effects of Preparation and Cooking Methods Numbering Style: 1, 2, 3, ... + Start at- 1 +

Cooking and preparation methods of fish tissue can medify-the-amount-of Alignment: Left + Aligned at: 0.75" + Tab

after: 0.88" + Indent at: 1.38"
contaminant-ingested-by-fish-consumerschange the concentration of lipophilic

contaminants in fish tissues:— Fhe-EPA (1997b) states that “cleaning and cooklng
techn1ques may reduce the levels of some chem1cal pollutants in the fish.”— PCBs

th%h—lghest—neneaneer—HQs—tend to concentrate in fatty t1ssues— Thefefeer1mm1n
away fatty tissues, including the skin, may reduce the exposure to PCBs—. Removing

the skin can reduce The-PCB concentrations e£PCBs-in raw fillet tissue-have been
shewn-to-deerease-by approximately-50% percent by remeving-the-skin(EPA 2000c)-
. Cooking can also reduce the concentrations efPEBs-up-teas much as 87% percent,
depending on the method (Wilson et al. 1998)—. However, one study showed a net
gain in PCB concentrations after cooking (EPA 2000c)—. The potential for reduction
in PCB concentrations due to cooking is subject to a substantial degree of variability,
and some consumption practices make use of whole fish, reductions in PCB
concentrations were not considered quantitatively in the risk assessment
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The EPA-toxicity datarepresentinorsanicof arsenic is dependent on the chemical Alignment: Left + Aligned at: 0.75" + Tab
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species, inorganic arsenic- Is generally more toxic than organic forms—. —and-Ttissue

concentrations of Arsente-arsenic in-tissue-was-analyzedarewere reported enly-as total
arsenic, which is consistent with EPA toxicity criteria, which are based on total
arsenic—. A study conducted on the middle Fexieity-data-are-only-availablefor
inerganie-arsente—Willamette River (EVS 2000) measured composites of resident

fish (largescale sucker, carp, smallmouth bass, and northern pikeminnow) from a 45-
mile section of the iver extending from the Willamette (River Mile 26.5) to
Wheatland Ferry (River Mile 72). Total arsenic and inorganic arsenic concentrations
were determined in composites of whole body, fillet with skin, and composites of that
portion of the fish remaining after removing fillets—. Percent inorganic arsenic
ranged from 2 percent (carp) to 13.3 percent (sucker)—. The average percent of
inorganic arsenic was 4 2 percent for the carp and 3.8 percent for the smallmouth
bass. Fh R A

petenﬂal—heatﬂ+eﬁfeets—ﬁem—arsemc—m—ﬁsh—?herefere€on51stent w1th the

recommendation in the Columbia River Basin Fish Contaminant Survey (EPA
2002¢), the EPC for inorganic arsenic was estimated as 10% percent of the total

arsenlc detected N lssue—, rmpee oo bbb e e e Lo Dol b o]

In-elamsl-inorganic arsenic in clams was found to range as high as 50% _percent of
total arsenic in tisste-data collected in the Lower Duwamish River—. However, the
the Lower Duwamish River-is an estuarine system, #=while the Lower Willamette in
Portland Harbor is a-freshwater-river;—. so-the-speeies-of elamsinthe Puwamish
Riverare-differentfrom-these-inPertland Harber—Since the actual percent of arsenic
that is inorganic in clam tissue from the Study Area is unknown, this results in
uncertainty in the estimate of inorganic arsenic EPCs for-in shellfishelam. The clam
tissue data collected from the Study Area inReundst-threugh-3-was evaluated to
determine whether a higher percentage of inorganic arsenic might have a significant
effect on overall risk from the consumption of clam tissue:—Fhe-analysisfound:

o All of the arsenic concentrations in clam tissue are within a factor of 2—. ef

than—th%nmmurn—eeneentraﬂen}—ln additlon the arsenic concentrations in
clams are normally distributed— et e e s e b cenele e
ot | , bicui ions. notocalized

Sourees:

¢ Due to the narrow range of arsenic concentrations, the risks from consumption
of clams are within a factor of 2 throughout the Study Area.
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e Ifinorganic arsenic is assumed to be 50% percent of the total arsenic rather
than the assumption of 10% percent used in the BHHRA, the cumulative risks
from consumption of clams ealy-increase by a factor of 1.1 to 1.3—. Arsenic is
not the beeause-there-are-othercontaminants-that-are primary contributors to
risks from consumption of clams.

Given all of the other uncertainties associated with risks from clam consumption, the
inorganic arsenic assumption is a minor uncertainty with minimal effect on the
overall risk estimates.

Although arsenic resulted in risks greater than 1 x 10 for some of the fish
consumption scenarios, the contribution of arsenic to the cumulative risk was
instgnifieantrelativesubstantially less than te-that from PCBs—. Therefore, the
assumptions about inorganic arsenic are not likely to #mpaet-affect the overall the
conclusions of this-the BHHRA—.

. . «- — — | Formatted: Outline numbered + Level: 4 +
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PCBs were analyzed as Aroclors in some media and as individual PCB congeners in Alignment: Left + Aligned at: 0.75" + Tab

others—, This introduces some uncertainty when comparing cumulative risk across after: 0.88" + Indent at: 1.38"
media. Congener analysis may provide a more accurate measure of PCBs in

environmental samples than does the Aroclor analysis—. Although most PCBs may

have originally entered the environment as technical Aroclor mixtures, environmental

processes, such as weathering and bioaccumulation, may have led to changes in the

congener distributions in environmental media such that they no longer closely match

the technical Aroclor mixtures used as standards in the laboratory analysis, leading to

inaccuracies in quantitation—.

The results for PCBs in whole body tissue samples analyzed for both PCBs as
Aroclors and as individual PCB congeners were qualitatively compared to evaluate
correlations associated with the use of Aroclor data. - Windward (2005) analyzed fish
tissue from the Lower Duwamish Waterway as PCB Aroclors and as individual PCB
congeners—. The PCB Aroclor data and PCB congener data were significantly
correlated for both fillet and whole body tissue—. It should be noted that the Lower
Duwamish Waterway is not freshwater, and different species were assessed in the
Lower Duwamlsh study compared to Portland Harbor—. Therse—vs—less—uﬂee%amty

correlatlons suggest that PCB Aroclor data may be used in the place of congener data
if congener data are not available.

When available, PCB congener data were included in cumulative risk sums for tissue
because differences in bioaccumulation ;-in addition to weathering; results in even
greater uncertainty in the PCB Aroclor analysis for tissue—. However, ferfillet tissue
collected in; Round 1 samples—werewas analyzed for PCB Aroclors only, ard-Round
3 smallmouth bass and common carp samples;-which-were-collectedforsmallmouth

bass-and-commen-earp;were_were analyzed for PCB congeners only-—. Because PCB

236



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

congener data are available for smallmouth bass and common carp fillet tissue,
cumulative risks for exposure to fillet tissue from ingestion include only the most
recent tissue data for these two species. This introduces uncertainty to the cumulative
risk estimates for exposure to fillet tissue when comparing risks across all four
resident species.

PCB Aroclor data were included in cumulative risk sums for sediment because the
PCB Aroclor dataset is larger than the congener dataset—.

PCB congener data were included in the risk evaluation for surface water because the
PCB Aroclor data was derived from the results of the congener analysis for the
samples used in the risk characterization of this BHHRA—. Total PCB congeners did
not screen in as COPCs for any surface water scenarios—. If PCB Aroclor data from
the surface water dataset were used in the COPC screening, PCBs would still not be
considered a COPC for any surface water scenarios.

When PCB congener data were used, the total PCB concentration was adjusted by
subtracting the concentrations of coplanar PCBs from the total PCB concentration—.
This was done for purposes of estimating cancer risks because the coplanar PCBs
were evaluated separately for the cancer endpoint—.

. . - . <«- — — 7| Formatted: Outline numbered + Level: 4 +
#26-76.2.5.7 Bioavailability of Chemicals Numbering Style: 1, 2, 3, ... + Start at: 1 +

The toxicity values used in the risk assessment are generaly-often based on Alignment: Left + Aligned at: 0.75" + Tab

laboratory studies in which the chemical is administered in a controlled setting via after: 088" + Indentat: 1.38"
food or water—. AThe-aetual-absorption from environmental media may be lower
than that observed in the laboratory-—. Studies have shown that conditions in
environmental media (e.g., pH, organic carbon content) can affect the bioavailability
of'a chemical (Ruby et al. 1999, Pu et al. 2003, Saghir et al. 2007)—. If the
bioavailability of a chemical in a given environmental medium is less than that in the
laboratory study used to derive the toxicity value, the risk assessment will
overestimate the risks-asseciated-with-exposure to that chemical in that medium—. TA
committee-of the National Research Council has recommended that consideration of
bioavailability be incorporated in decision-making at sites (National Academy of
Sciences 2003)-—. While site-specific information on the bioavailability of chemicals
in sediment is not available, it is important to recognize that there is uncertainty
associated with not incorporating bioavailability into the risk estimates, especially
related to sediment-associated chemicals.

. «— — — 7| Formatted: Outline numbered + Level: 4 +
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Exposure via consumption of Smatimeuth-smallmouth bass expestre-areas-werewas

evaluated on a river mile basis—. Uncertainties associated with the home range of
smallmouth bass are discussed in Section 6.1.13—. In Round 1, samples were

composited on a per river mile basis-(e-g5RM2-RM23y—Is-, Round 3, samples were
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composited on a per river mile basis;per for each side of river-fe-g- RM2E-RM
2WH—. The Round 1 and Round 3 results were combined, and nehaded-n-the EPC
eaieul—aﬂeﬁs—fer—eaehthus represents an -exposure area of one river mlleﬂepesar%area—

meﬁeaﬂe%he%th%lewePA studv bV ODF \W ( ODF W 2005) that mCluded tracking
the movement of smallmouth bass in the Lower Willamette indicated that their home
range is typically between 0.1 and 1.2 km, and they are most frequently found in

nedr-shore arcase—, Fo =0 2005 b seen bl thetvoe s honth-bees e hasee

Figure 6-1 displays the ratios of concentrations of DDT, DDE, DDD, cPAH,
dioxin/furan TEQ, and PCB congeners detected in composite smallmouth bass
samples collected at the east side of the river mile compared to concentrations for
those detected in composite samples collected at the west side of the river mile—. At
RM-RM 8, 9, and 10, the ratios are all less than 1, indicating concentrations on the
east side of the river are generally less than concentrations on the west side of the
river—. For the remaining river miles, some ratios exceed one—. East to west side
concentration ratios for PCBs at river mile 11 are highest of any river mile evaluated-
— Altsheuld-be-noted;as previously discussed in Section 6.1.14, that a fish from RM
RM 11W was included in the composite for RM-RM 11E due to a mislabeling of the
sample—. Due to the low number of samples for each exposure area, the maximum
detected concentration from either side of the river was typically is-almestalways
used as the %%:W—UGHH%RME EPC for the rlver mlle exposure areas

bass%}em%r&ﬂg%ln addltlon the area over Wthh ﬁshlng occurs should also be
considered—. Given the-an exposure duration of 30 to 70 years, it is kely=possible
that fish would be collected over an area greater than a single river mile-forloecalized
exposures. Therefore, the-characterization-ofriskforuse of an exposure area
consisting of a single river mile for evaluating consumption of smallmouth bass in
thisrisk-assessmentis generally a-health protective estimate-thatisand unlikely to
underestimate risks.
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Only data collected from the low water sampling event was used to assessEer

recreational exposures to surface water, datafrom-only-the low—watersamphingevent

was-used;-in order to represent surface water conditions during the time of year when

most frequent recreational use occurs-(i-e—summermonths)y—. There is some
uncertainty in the representativeness of this dataset for surface water conditions for

recreational users.

Because Franstent-exposure to surface water by transients can occur throughout the
year, se-data from sampling events during three seasons of the year were used for this
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scenario and can be used to assess the representativeness of the single low water
sampling event—. Arsenic was the only surface water COPC detected in recreational
exposure areas—. The Study Area-wide average total arsenic concentration for
transient exposure to surface water, using year-round data, is 0.48 pg/l—. The Study
Area-wide average total arsenic concentration for recreational beach user exposure to
surface water, using low flow data, is 0.51 pg/l—. Given the similarity of these
results, the uncertainty associated with the recreational beach user surface water
dataset should not affect #paet-the conclusions of this BHHRA.

_ — | Formatted: Outline numbered + Level: 2 +
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The results of animal studies are often used to predict the potential human health
effects of a chemical—. Extrapolation of toxicological data from animal studies to
humans is one of the largest sources of uncertainty in evaluating toxicity-factors—.
Much of the toxicity information used in this BHHRA comes from EPA’s Integrated
Risk Information System (IRIS), which states the following on its website:

In general IRIS values cannot be validly used to accurately predict the
incidence of human disease or the type of effects that chemical exposures
have on humans—. This is due to the numerous uncertainties involved in risk
assessment, including those associated with extrapolations from animal data to
humans and from high experimental doses to lower environmental exposures:
. The organs affected and the type of adverse effect resulting from chemical
exposure may differ between study animals and humans—. In addition, many
factors besides exposure to a chemical influence the occurrence and extent of
human disease (EPA 2010b, http://www.epa.gov/iris/limits.htm).

EPA typically applies uncertainty factors, typically a factor 10, when deriving - - { Formatted: Space After: 12 pt

reference doses, to account for limitations in the data—. Because-ofthese

These limitations include Varlatlon in susceptlblllty among the members ofthe human
population, uncertainty in extrapolating animal data to humans, uncertainty in
extrapolating from data obtained in a study with less-than-lifetime exposure,
uncertainty in extrapolating from a LOAEL rather than from a NOAEL, and
uncertainty associated with extrapolation when the database is incomplete—. As a
result, actual risks within the Study Area eewld-are likely to be lower than the
potentialrisk-estimates calculated in this BHHRA—.

In-In addition-te-the-uneertainty-already-included-in-the toxieity-values, the following

specific uncertainties the-following toxicity-value-uncertaintieshave been identified, - | Formatted: Font color: Black
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to carcinogens has long been recognized as a public health concern—. EPA’s
Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to
Carcinogens (EPA 2005b) Supplemental- Guidancefor-Assessing-Suseeptibility-from
b e Lecposiee o U inonene A 2005 The ubdses provides a process

to evaluate risks from early-life exposure to carcinogens with-known to act via a
mutagenic mode of action—. The only exposure scenarios with-for which early-life
exposures (echildpopulations)-are considered are recreational beach usess, -and
ﬁsh consumptlon and household use of surface water-—, Qﬁthes%,th%eﬂ-ly—seenaﬂe

reere&&eﬂakbeaehﬂsepseelmwie%@epesufﬁef—AH&Of the COPCs identified in the

risk assessment, only cPAHSs have been identified as mutagenic—.

FhisThe BHHRA did not evaluaterisks-using-the newEPAguidance-as-the-exposure

faetorsspecifically address early-life exposures for-the-speeific-age-elasses-in the
separate child and adult scenarios—. However, the-guidaneeincreased early-life

susceptibility was used to assess risks associated with exposure to PAHs in the
combined adult/child scenarios. Therefore, the combined adult/child scenario
accounts for the additional potency associated with early life exposures.

L. _ — — 7| Formatted: Outline numbered + Level: 3 +
#3:26.3.2 Lack of Toxicity Values for Delta-hexachlorocyclohexane, * Numbering Style: 1, 2, 3, ... + Start at: 1 +
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Delta-HCH was detected in tissue and in-water sediment—. An SF or RfD toxicity
value could not be identified for delta-HCH according to the hierarchy of sources of
toxicity values recommended for use at Superfund sites (EPA 2003b)—. Also, an
STSC review concluded that the other hexachlorocyclohexane isomers could not be
used as surrogates for delta-HCH due to differences in toxicity (EPA 2002d)—.
Potential risk from delta-HCH was not quantitatively evaluated because of the lack of
availability of toxicity data-forthe-chemieal.

Thallium was detected in in-water sediment and surface water, and titanium was
detected in in-water sediment—. Thallium and titanium are naturally occurring
elements, and although thallium may have a wide spectrum of effects on humans and
animals (EPA 2009a), titanium has been characterized as having extremely low
toxicity (Friberg et al 1986)—. An SF or RfD toxicity value could not be identified for
titanium according to the hierarchy of sources of toxicity values recommended for use
at Superfund sites (EPA 2003b), and consultation with EPA indicated no surrogate
toxicity value was available—. Therefore potential risk from exposure to titanium was
not quantitatively evaluated in this BHHRA.
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For some chemicals, if a RfD or SF toxicity value was not available from the
recommended hierarchy, a structurally similar chemical was identified as a surrogate-
. The RfD or SF for the surrogate was selected as the toxicity value and the surrogate
chemical was indicated in Section 4—. Uncertainty exists in using surrogate
chemicals to represent the toxicity of chemicals for which toxicity values are not
available—. Using surrogate toxicity values could over- or under-estimate risk for a
specific chemical.

Based on the results of the BHHRA, the chemicals that exceeded the minimum target
cancer risks of 1 x 10 or hazard quotient of 1 did not rely on surrogate toxicity
values—. Therefore, the use of surrogate toxicity values should not #mpaet-affect the
conclusions of this BHHRA.

— — 7| Formatted: Outline numbered + Level: 3 +
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exist for both trivalent and hexavalent chromium, hexavalent chromium exhibits

greater toxicity that the trivalent formFexieity-values-existfortrivalentand
hexavalentchromium-onby—. A-The reference dose for hexavalent chromium is 0.003
mg/kg-day, versus 1.5 mg/kg day for trlvalent chromlum—threh—ls—a—faeeeFeféGG
e

assessmentfor-the-Study-Area-beeause-Hhexavalent chromium reduees-can be

reduced to trivalent chromium in an aqueous environmental medium if an appropriate
reducing agent is available, and thus trivalent chromium is more prevalent in the
environment (ATSDR 2008)—. SEikewdisesscreening values for trivalent chromium
were used in the selection of total chromium as a COPC for in-water sediment, beach
sediment, the groundwater seep, and surface water. This is an uncertainty because the
trivalent chromium screening level is for insoluble salts.

The highest HQ for chromium Fesfrom fish consumption; the-highest HQ-from
ehremium-was 0.004. ; Ese-even if a portion of the chromium were present as
hexavalent chromlum the HQ would hkely still be less than 1—. Fheretoreruscof

BH—H—R—AA—

Additionally, that EPA currently considers the carcinogenic potential of hexavalent
chromium via oral exposure as “cannot be determined.”— Toxicity criteria derived by
the New J ersey Dept of Env1r0nmenta1 Protectlon A—was used as a Tier 3 source of

qu&nﬂ%&ﬂ*edese—%spens%eﬂ%eﬁa—for evaluatmg the cancer rlsks assoc1ated Wlth oral
exposures to hexavalent chromiums—which-is-the-valneusedinthe BHHRA.
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The toxicity values for PCBs were applied to both PCB congeners (not including
coplanar congeners) and Aroclors—. The RfD for PCBs is based on an
immunotoxicity endpoint for Aroclor 1254 (EPA 2010b)—. Several other Aroclors
have been detected in media within the Study Area, indicating the mixture of PCBs
differs from that used in the study to develop the RfD—. The cancer SF for PCBs was
derived for PCB mixtures based on administered doses of Aroclors to rats—. The PCB
mixtures used in the studies included the coplanar PCB congeners (-e-dioxin-like
PCBs), and —TFhese coplanar PCBs may have contributed significantly-to the
carcinogenicity observed in the study—, Fhe-Because the cancer risk from coplanar
PCB congeners was evaluated separately, se-including both the total PCB and
coplanar PCB congener risks in the cumulative cancer risk resttts-may result in an
overestimate of the cancer risks—. Although the potential double counting of PCB
mass was corrected for #+-by using the PCB adjusted values-(rass-ef-diexin-tike PCB
was-subtraeted), there was no correction for the potential double counting of toxicity
of dioxin-like PCBs in the PCB TEQ cancer risk estimate-and-as-part-ofthe PCB

Based-on-the-dose-response-datafromstudiesinrats-PCBs are classified as probable

human carcinogens_based on adequate dose-response data from studies in rats—.
However, the human carcinogenicity data are inadequate-ferelassification-of PCBs-as
human-eareinogens. Several cohort studies have been conducted that analyzed cancer
mortality in workers exposed to PCBs. These studies did not find a conclusive
association between PCB exposure and cancer; however they were limited by small
sample sizes, brief follow-up periods, and confounding exposures to other potential
carcinogens—. Therefore, using a cancer SF based on the dose-response observed in
rats adds further uncertainties to the cancer risk estimates from PCBs as a dose-
response has not been observed in humans.

In addition to the uncertainties with toxicity values for total PCBs, there are
uncertainties with the toxicity values for the PCB TEQ, which is evaluated using
toxicity values for dioxin and dioxin-like compounds-e-g-¢dioxintike PEBs)—. In
their-its 2001 evaluation of the ERPA-dioxin reassessment, members of the EPA’s
Science Advisory Board (SAB) did not reach consensus on the classification of
2,3,7,8-TCDD as a carcinogen (EPA 2001d)—. The National Academy of Sciences
(NAS 2006) discussed the primary uncertainties with the toxicity values for dioxin
and dioxin-like compounds as follows:

e The estimation of risks at doses below the range of existing reliable data may
result in an overestimate of risk—. An estimate of risk for typical human
exposures to dioxin and dioxin like compounds would be lower in a sub-linear
extrapolation model than in the linear model that was used to derive the
2,3,7,8-TCDD SF.
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e The issue of appropriately assessing the toxicity of various mixtures of these
compounds in the environment—. The relative concentrations may change
over an exposure period, even though the potency of the individual congeners
remains constant—. The estimated risk in a given sample depends on both
potency and concentration.

The above uncertainties apply to risks from dioxins and furans, as well as risks from
dioxin-like PCBs.

#3-66.3.6 Adjustment of Oral Toxicity Values for Dermal Absorption

As discussed in Section 4.7, an adjustment was applied to the oral toxicity factor to
account for the estlmated absorbed dose fli&evalrua{ewhen evaluatmg dermal

the following conditions are-were met:

e The toxicity value derived from the critical study is based on an administered
dose (e.g., through diet or by gavage)

e A scientifically defensible database demonstrates the GI absorption of the
chemical is less than 50% percent in a medium similar to the one used in the
critical study.

Fhe-EPA (2004) recommends the adjustment of oral toxicity values to reflect dermal

absorption usinga-entoffvalue-of 50% pereentGlabserptionto-refleet-the-ntrinsie
vartability-in-the-analysis-of the-abserption-studiesonly when GI absorption was less

than 20 pereent. e—Fheestolbaloe o 500 pereont Glabeomsbionobotates

liminating the need for small adjustments in the oral toxicity value that are not
supported by the level of accuracy in the critical studies that are the source of the
toxicity values—.

The EPA2004)suidaneestatesthat setentiic Jiterature-indieatesthateOrganic
chemicals are generally well absorbed across the GI tract, absorption of —Fer

inorganic chemicals —%%F&Guf%m&%%%—%ﬂd&mﬂg%ﬁ@lﬂb&%p%ﬂ%ls
dependent on a number of factors but is ,qenerallv less than for organlc chemicals—.
However, :
Froesse SO the absence of a spec1ﬁc value for GI absorptlon %heﬂ—th&a

default Glaebserption-valae-of 100% percent was used—. -Fhe-EPA (2004 )-guidance
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states that this-assumption-efassuming 100% percent absorption may eontribute-to
underestimateion ef-dermal risk for those inerganies-chemicals that are poorly
absorbed because it overestimates the dose at the site of action—. T—Fhe extent of
this-underestimation is proportional to the actual GI absorption;which-would-net
exeeed-50%pereent—. [The-inorganic COPCs for which the default value of 100%
percent GI absorption was used- arcineludes-the-folowingmetals ~aluminum,

arsenic, boron, cobalt, copper, iron, molybdenum, selenium, thallium, and zinc—.

+46.4 RISK CHARACTERIZATION

Uncertainties arise during risk characterization due to the methods used in
calculating, summing, and presenting risks—. The following subsections address
uncertainties associated with the risk characterization of this BHHRA.

+416.4.1

In deriving endpoint-specific HIs, only one health endpoint is used for each chemical,
even though mest-some chemicals may have a myriad of health effects as exposures
increase—. As an example, a majority of the non-cancer #npaets-affect from the site
are from PCBs and total TEQ. The endpoint used for deriving the RfD for PCBs is
immunotoxicity, while the endpoint used for deriving the RfD for dioxin/furan TEQ
and PCB TEQs is repreduetionreproductive effects—. If the reproductive endpoint for
PCBs based upon the lowest observed adverse effects level (LOAEL) of 0.02
mg/kg/day is used with the same Uncertainty Factor as the immunological endpoint to
derive an RfD for a reproduction endpoint for PCBs, the RfD for reproductive effects
witlkwould be 4-#a factor of 4 greater ses-than the RfD for immunological effects—.
Using this ratio, the endpoint-specific HI for reproduction for this exposure scenario
for PCBs would be 5,000/4 = 1,250. The total HI for reproduction effects, combining
HIs for total TEQ (500) and non-dioxin-like PCBs (1,250), would increase from 500
to 1,750. For the chemicals that have the largest non-cancer contribution in the
HHRA, there is a possibility of under-predicting non-cancer health effects by using
only one endpoint per chemical.

Endpoint-specific Hazard Indices

+4-26.4.2

Where rnultlple exposure scenarios exist for a glven populatlon{—l—Hec—rea&eﬂal

, the
r1sks for each of the exposure scenarios that are con51dered potentlally complete and
significant for a given population were summed to estimate the cumulative risks for
that population (see Tables 5-199 and 5-200)—. In calculating the cumulative risks,
the maximum cancer risk for each RME scenario was used—. This provides a
conservative approach, as the same individual may not have-experience the maximum
exposure under more than one exposure scenario—. However, due to the fact that
risks from one scenario are usually orders of magnitude higher than any other
scenario for a given receptor, risks from potential cumulative scenarios should not

Risks from Cumulative or Overlapping Scenarios
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impaet-affect the conclusions of this BHHRA—. However, the possible magnitude of
uncertainty associated with risks from cumulative or overlapping scenarios is
discussed further in Attachment F6.

In addition to cumulative exposure scenarios for a given population, an individual
may be a member part-of multiple exposure populations,-(i-e-a-doekside-workerthat

is-also-a-non-tribalfisher) and thus eeuld-have-overlapping exposure scenarios—.
Because there are numerous possible combinations of overlapping scenarios due to

variations in exposure points and exposure assumptions, a model was not developed
to quantitatively evaluate overlapping scenarios in this BHHRA—. However, because
the risk from tissae-ingestionfish and shellfish consumption is typically at least +6-10-
fold times-highergreater than other exposure pathways, if an individual consumes
fish, the relative contribution from other exposure scenarios is not likely to contribute
significantly to the overall risks for that individual—. This BHHRA presents the risks
for all of the exposure scenarios, so the risks for a given overlapping scenario could
be calculated simply by summing the risks for each of the exposure scenarios that
make up the overlapping scenario.

This BHHRA assessed potential risks from exposure to media within the Study Area-
. Upland sites were not included in this BHHRA-—. If exposure to upland sites were
incorporated with exposures to media within the study, the overall estimate of
cumulative risk would likely be higher than the risk estimates in this BHHRA.

- - 7| Formatted: Outline numbered + Level: 3 +
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not be directly related to contamination—. Reported Coneentrations-concentrations of
arsenic and mercury in samples collected within the Study Area swerefound-te-result
in estimated risks greater than 1% x 10" or an HQ of 1 for atleast-one or more of the

exposure scenarlos evaluated in t—has—the BHHRA— Heweve&metals—a%%natu%aﬂy

baekgfeuﬁdreeﬂeeﬂtfat}eﬂs—FQfExposure concentratlons of arsenic in beach
sediment;-the-exposure-point-concentrations- ranged from 0.7-7 mg/kg to 9.9 mg/kg,
within the general range of and-are-consistent-with-the-defaultbackeround-seil
coneentrationforarsente-of7 mg/kg used as a background concentration of arsenic
by DEQ (BEQ-DEQ 2007)—. Risks from background concentrations of arsenic in
beach sediment and surface water are discussed in Section 5 of this-the BHHRA—. In

Neither nataral-background nor anthropogenic baekground-tissue concentrations of
COPCs were establlshed for the Study Area—Natu%aJ—and—aa%hmpeg%&sewees—ef
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m—sem%e&ses—Rreglonal tlssue concentratlons were eeﬁespeﬂd—te—ﬂsk—estma{es
1 ! I threshold blished by-EPA (- of 10 ]94)
Forexample;measured #-as part of the Columbia Rlver Basin Fish Contaminant

Suwey&m%{epwmm%@%%%&m

spee}es—eeﬂeeted—mel—uded in ﬁve anadromous species (Pac1ﬁc lamprey, smelt coho
salmon, fall and spring Chinook salmon, steelhead) and six resident species

(largescale sucker, bridgelip sucker, mountain whitefish, rainbow trout, white
sturgeon, walleye)—. All samples were composites; the size of the individual fish
varied with species—. CHewevereoncentrations of certain contaminants are higher
in tissue collected within the Study Area than observed in the regional
tissueColumbia Rlver study, and the sources of the reg10na1 t1ssue concentratlons are

WhileConsistent with EPA policy, #isksrisk estimates were presented in this BHHRA
without accounting for contributions from background;—. However, it is important to
recognize that background concentrations may result in unacceptable risksrisk and

— - 7| Formatted: Outline numbered + Level: 3 +
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tisste-concentrations-associated with an-aeeeptablea probability of exceeding
protective blood lead levels in the fetus of a pregnant woman ingesting-tissaewho
consumes fish from the Study Area.;— lead-is-considered-a-chemical potentially
posing-unacecptablemskfor-fsh-tissue—THowever—this madmum-EPC is-orders-of
magnitade-greater-than-all-other fish- EPCs-and-may be attributable to lead in the gut

of the fish rather than tissue concentrations—.

Protective lead isste-concentrations_in tissue -were estimated using the EPA Adult
Lead Methodology (ALM) (EPA 2003c), based on agreements with the EPA to
follow the same methodology used in the CRITFC (1994) survey to assess tissue
exposures from lead. The ALM as adapted for the Portland Harbor BHHRA focuses
on potential impaets-affects to the fetus ef-a-pregnant-worker,-and-therefore;is-only
appropriate-when considering fish consumption by pregnant women—. However, tFhe
ALM was developed based-en-for evaluating exposure to lead in soil and may not be
appropriate to use for fish consumption—. Furthermore, the ALM is highly-sensitive
to the bioavailability of ingested lead—. For purposes of develepingcalculating the
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proteetivea tissue eoneentrationsconcentration of lead that is expected to be without

adverse effects, the default bioavailability of lead in soil was used—¥, and it is not
known whether this is an appropriate assumption for lead in tissue.

7456.4.5 Future Risks

This BHHRA estimated current and future risks for exposure within the Study Area,
based on known and reasonably fereseeable ntlclpated future uses of the Study Area-

However the LWR isa h&gh«lybdynamlc 1ndustr1ahzed water -way, and 1f the land
uses in certain areas of the Study Area were to change in the future in a manner that
was—ﬁet—fereseeﬂ—mwrth the uses considered in this—the BHHRA, the—&ssampt}eﬂs—&nd

#em—new—aepesuresrlsk and hazard estlmates presented here may not be

representative of condltlons in the future— Nevertheless,-due-to-the-conservative

#56.5 OVERALL ASSESSMENT OF UNCERTAINTY

A summary of the uncertainties and a qualitative classification of their magnitude,
their impact on the health protectiveness of the assessment, and their significance to
risk management decisions are presented in Table 6-1—. For each of the uncertainties
identified and discussed in this section, Table 6-1 provides a qualitative assessment
(using High, Medium, and Low as descriptors) for each of these properties—. In
addition, the table presents whether an uncertainty is more likely to over-estimate or
under-estimate actual risks from the Study Area—. While there are numerous
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uncertainties identified for this BHHRA, and the cumulative effect of these
uncertainties could be significant to the conclusions of the BHHRA, some of these
uncertainties would be expected to have more of a significant effect on risk
management decisions than other uncertainties—. These are identified with a “High”
descriptor under the “Significance to Risk Management” column in Table 6-1-—.

Risk assessments typically include conservative assumptions to minimize the chances
of underestimating exposure and/or risks of adverse effects to human health, and
therefore potentially underestimating the need for remedial actions—. In this BHHRA,
conservative assumptions were incorporated into the identification of exposure
scenarios, the selection of exposure assumptions, the development of EPCs, and the
use of toxicity values—. Only a portion of the uncertainties in this BHHRA are
quantifiable—. Further analysis of the data and review of pertinent published literature
provided a possible range of values for some of the uncertainties presented above—.
The magnitude of these ranges are provided in Attachment F6 and discussed in this
Section—.

While it is not probable that the maximum values of the uncertainties apply for every
tissue consumption exposure scenario and contaminant , this magnitude of
uncertainty indicates that risks may actually be less than 1= x 10™* or HI of 1 for
certain scenarios.

While conservative, the results of the BHHRA are intended to show the relative risks
associated with the exposure scenarios, and which contaminants are contributing the
highest percentage of the calculated risks—.
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SUMMARY
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baseline risks to human health from site-related contaminants and help determine the

need for remedial actions, provide a basis for determining contaminant concentrations

that can remain onsite and still be protective of public health, and provide a basis for
comparing the effectlveness of Varlous remedial alternatives. e%alu&te—whe%her

5"+ 55"+ 6"+ 6.5"

The populations evaluated in therisk-charaeterizationpertion-ef-the BHHRA were
identified based on human activities thatarecurrently known to occur within the

Study Area new-andfor could which-eeuld-occur in the future-within-the-Study-Ares,
as described in the Programmatic Work Plan;-er-were-directed-byERPAforevaluation
in-this BHHRA—. PThe-followingare-the-populations and associated exposure
scenarios that were quantitatively evaluated in this BHHRA _include:

Dockside Workers — Direct exposure to beach sediment
In-water Workers — Direct exposure to in-water sediment

Recreational Beach Users — Direct exposure to beach sediment and surface
water

Transients — Direct exposure to beach sediment, surface water, and
groundwater seep

Divers — Direct exposure to in-water sediment and surface water

e—Recreational and Subsistence Fribal Fisher—Direet-exposure-to-beach

- - T ’ il .
Fishers — Direct exposure to beach sediment-or in-water sediment,
consumption fish-eensumption; and shellfish eonsumption

Tribal Fishers — Direct exposure to beach and in-water sediment, consumption

of fish

15"+ 2"+ 25"+ 3"+ 35"+ 4"+ 45"+
5"+ 55"+ 6"+ 6.5"

Domestic Water User — DHypethetical-direct exposure to untreated-surface ~ +-~ | Formatted: Tab stops: Not at 0.5" + 1" +
water used as a domestic water source
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o Infants - Consumption-ef-human-mitkIndirect exposure to bioaccumulative

contaminants (PCBs, dioxin/furans, DDx, and PDBES) in environmental
medla w&&q&aa&t&%e&assesse%eemple%q%ﬁﬂ&pa%hwa%feﬁaﬂ

*denﬁﬁed—&s—GQPGs—fer—a—gnmﬂ—seeﬂaﬂewa 1nd1rect exposures due to
breastfeeding-fi-e; PCBs-dioxintfurans;-and DDX0.
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A comparison of the estimated risk-ranges aeress-by exposure media can help focus
risk management decisions by identifying the media contributing most to the overall
human health risks te-human-health-at the Study Area—. As discussed in Sections 5,
the magnitude of risk varies greatly across the different scenarios—. Figures 7-1 and
7-2 display the ranges of total cumulative cancer risk and endpoint-specific HIs,
respectively, for each media type, based on mean-CT exposure assumptions for each
media evaluated in the BHHRA—. Figures 7-3 and 7-4 display the ranges of total

cumulative cancer risk and cumulative HIs, respectively, based on RME assumptions.

The estimated As—Hastrated-nbronres I and T2 therisks manoestorthesecnarios
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assessingassociated with consumption of fish and shellfish tissue-are orders of
magnitude higher than I'lSkS for-from others scenarios, and exceed a cumulative

cancer risk of 1 x 10 and a HI of 1—. Figures7-3-and-7-4-display-theranges-of

enbyscenarios that-exeeed-afor which the cumulative estimated cancer risk efis
greater than 1 x 10 or a-the HI ofis greater than 1 are-are the-tissue
consumptionconsumption of fish and shellfish scenarios and and-the-seenario-for
direct contact with in-water sediment by tribal and high frequency fishers.

«- - — | Formatted: Outline numbered + Level: 3 +
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in-athe estimated cancer risk is greater than 1 x 10 or as-the HQ is greater than 1
under-for any of the exposure scenarios forany-ofthe-exposurepoint-conecentrations
evaluated in this BHHRA, regardless of the uncertainties_associated with the
estimates—. Given the uncertainties in the analytical data discussed in Section 6, the
preliminary COCs were assessed to select the final COCs for this BHHRA-—.

Ofalpha-,
beta and yeamma- h@eaeme#eeye}eh%&neHexachlorocvclohexane and heptachlor)
were enly-detected in fish tissue only as N-qualified data—. Due to retention time
issues in the analytical methods used for the Round 1 tissue samples, some of the
pesticide tissue data were N-qualified, indicating that the identity of the chemical
could not be confirmed—. In the subsequent Rounds 2 and 3 sampling events,
different analytical methods were used so that the identification of pesticides was not

an issue in tissue-samples-colected-inRounds2-and 3—. EPA guidance (1989) dees

aetrecommends the-caution in the use of data where there are uncertainties in the
identification of contaminants;-as-is-the-ease-in-the N-qualified-data—. Therefore, if a
chemical was identified as potentially posing unacceptable risks based only on the use
of N-qualified data, that chemical is not recommended for further evaluation for
potential risks to human health—.

The contaminants potentially posing unacceptable risks to human health based on the
results of this BHHRA that are recommended for further evaluation for potential risks
to human health are presented in Table 7-1—,
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to identify those contaminants that pose the greatest risks to current and future
receptors, along with the media and exposures routes associated with those risks-
. This information is used to informRM-rm response actions—. This section
presents the primary contributors to human health risk at the Site—. The exposure
scenarios and chemicals discussed here represent a subset of the scenarios and
contaminants evaluated in this BHHRA—.

The focus on primary contributors to risk can assist with the development of the
FS by focusing on those scenarios and contaminants associated with the greatest
overall risk in the Study Area—. While these scenarios and contaminants may be
the focus of the remedial analyses, other exposure scenarios and contaminants
potentially posing unacceptable risks may still be considered in remedial
decisions for the Site.

Only those exposure scenarios and contaminants that resulted in an estimated
cancer risk greater than 1= x 10=° or an HQ greater than 1 were considered in
identifying the primary contributors to risk—. Additional considerations in the
selection of contributors included:

e The relative percentage of each contaminant’s contribution to the total human
health risk consistent with assumptions on exposure areas.

e Uncertainties associated with the exposure scenarios, such as the likelihood of
future risk-seenariossite use, number of assumptions made in estimating
exposure, or level of uncertainty in estimates of exposure variables.

e Frequency of detection, both on a localized basis and Study Area-wide.

e Comparison of risks within the Study Area to risks based on measured
regional contaminant concentrations for similar exposure scenarios, indicating
background or other anthropogenic sources of chemicals in the region.

e Magnitude of risk exceedance-abevegreater than EPA’s target range for
managing cancer risk of 1_x10’:4 to 1_)(101‘6 and noncancer hazard of enel.

The chemicals potentially posing unacceptable risks and the primary contributors to

risk based on the above criteria for-the-exposureseenarios-evaluated-in-this BHHRA

are discussed below.

— - 7| Formatted: Outline numbered + Level: 3 +

+7A7.2.1 Fish Consumption Scenarios Numbering Style: 1, 2, 3, ... + Start at: 1 +
. L. X . . Alignment: Left + Aligned at: 0.31" + Tab
Twenty six COCs (PCBs, dioxins, six metals, Bis-Bis-2-ethylhexyl phthalate (BEHP), after: 1"+ Indent at: 1"

PAHs, hexachlorobenzene, and seven pesticides) were-are identified as potentially
posing unacceptable risks due to consumption of fer—th%ﬁsh-eeﬁsumpﬂeﬂ—seeﬁaﬁes
(i % . EEF}} fis}i%i “{iE E{IE“l fis}ii{} EEISEE E{} EEEEEEEEII}EES Eii EE{iEE} {iS}E Ef l Eiiii L;
B e

. PCBS — Fotal-Both total PCBs resulted-in-ecanecerriskestimates-exeeeding+x
i —aﬂd#eiLH-Qs—@eeeed-mg—l—feFﬁsh—eeﬂ&impﬂen%and PCB TEQ
a%s%e&ul—ted—m—eaﬂeeﬁﬁsleesmqqa%es—%xeeed-mg—lﬁm —and o HOs
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fer—th%ﬁsh—eeﬂsﬂmpﬂeﬂ—pamway—beeaﬂsebased on ef—the magmtude of the

estimated risks greater than 1 x 10" e
for-managingrisk, the overall spatial scale-of-therisk-exeeedanees, and the
relative contribution to cumulative risk estimates.

Dioxins/furans:— Total dioxin/furan TEQ resultedin-cancerrisk-estimates

exceeding 1 x %107 and/or HOs exceeding | for fish-consumption—Fotal

mmmm%mmwm%}meme%ﬁo
“_and/or HO-of I-for-associated with both localized and Study Area-wide

CXPOSUNCS— = S el d o pmass s conplbnto e o e Lo the Ly

e et e b cene o b the magmtude of the risk
exceedaneesestimates greater than 1 x 10™, the overall spatial scale-of therisk

exceedanees, and the relative contribution to cumulative risk estimates.

Metals:— Antimony, arsenic, mercury, selenium, and zinc were associated
with one or more fish consumption exposure scenarios that resulted in a risk
estimate that exceeded a cancer risk of 1= x 107° or HQ of 1.
0 The overall estimated risk estimates for A+senie-arsenic resulted-in
eaﬁeer—ﬂsleestﬂna&es—th&trwereare greater exceeded-thatn a-eaneerrisk
of 1= x 107 for-based on Study Area-wide exposures—.

0 The Antimeny-exeeeded-an-HQ ofassociated with antimony wasis
greater than 1 at RM-RM 10 fer-based on consumption of whole body

smallmouth bass tissue. Hewever—tﬂlqas—resuh—ls—em%éuﬁe—a—m%le

Hslebased ona measured tissue concentration greater than the

execeedanee-of protective tissue concentrations derived using blood

lead models. Fhosidemreconmes b Lond oo Db o s o
areHowever, this wasis due to only due-to-only-a single sample-result
of smallmouth bass whole body tissue collected at RM-RM 10 with the
anomalously high result, as discussed in Section 6.1.14
0 Mercury, resulted-inrisk-estimates-thatwas-identified based on an
exeeeded-a HQ of 1 for both localized and Study Area-wide exposures.
0 Selenium,.-execeeded-was-indentified- based on an HQ of 1 at RM
RM 11 enlyfor consumption of smallmouth bass fillet tissue, exe-toin
a smgle sample—, —oetobebe sl oo slesodb e e sl e
: £3 fes, vely)ant )
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0 Zinc-slightly-exceededwas-identified based on an HQ of HHQ=2)

forfish-consumption-based-onin a single sample of whole body
common carp tissae-collected from RM-RM 4 to RM-RM 8-—.

greater than 1 x 10 fe%eensemapﬁen—eﬁﬂml%bed—y—smaﬂmea%h—bass—aﬂd
brewn-bulthead;based-on both a localized and Study Area-wide basis;-for-at

mgesﬁen—rates BEHP resulted-and and RME in-cancer risk estimates greater
than 1 x 10™ and a HQs greater than 1 at RM-RM 4 fer-based on
consumption of smallmouth bass at-the-73-g/day-and+42-s/day-ingestion

ratesfor recreational and subsistence fishers.

e PAHSs:— Benzo(a)anthracene, benzo(a)pyrene, dibenzo(a)anthracene, and total
carcinogenic-PAHs. were-identificd-as-a-contaminant-potentially-posing
uﬂaeeep’fab}eﬂslefefﬁslﬁkﬁssueeeﬂsump&e&based on cancer risk estimates
exeeeding greater than 1 x 107°. Cancer risk estimates for total carcinogenic
PAH exeeeded-are greater than 1% x_ 107 at five river mile segments and
Study Area-wide based on consumption of smallmouth bass and for two

ﬁshmg zones and Studv Area- w1de based on consumption of common carp.

e Organochlorine Pesticides:— Aldrin, dieldrin, heptachlor epoxide, total
chlordane total DDD, total DDE, and total DDT wereare 1dent1ﬁed were

m—a—ﬂsleest%a{%ﬂaat—%eeeded—abased on estlmated cancer I'lSkS eﬂgreater
than 1 x 107 or an HQ of 1. Thesepesticides-didnotresulin-cancerrisks
greater thantx %10~

0 Aldrin. s —domibiode e rolenntb s o e

uhaceeptablerisk-based on cancer risk estlmates shiehtly-greater tha
above-13x x 1075,

B for subsrstence fishers at (locahzed areas and Study

(o] D1eldr1n Was&denﬁﬁeekasaeeﬂ{ammaﬂ&peteﬂﬁaﬂypesmg

uﬂaeeeptableﬂslebaseemrexeeedaneeefbased on estimated cancer
risks greater than 1= x 107° for consumptlon of all fish spec1es
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all-ingestionrates;-and-on a localized and Study Area-wide basis. Fer
than—%o-percent-of-the-site-widerisktrom-tissue-consumption:

0 Heptachlor epoxide, was-identified-as-a-contaminant potentially posing
unaceeptablerisk-based on estimated cancer risk estimates shghtly
abevegreater than 1% x 10~-at-enly-the 142 g/day-ingestionratefor
consumption-ofcommen-earp_for single-species diet of common carp

by subsistence ﬁshers s-and-forat en%ﬁshmg—zen%%‘l—RM 0to RM

(o] Total chlordane was—}den&ﬁed—as—a—eeﬂtafrﬁﬁant—peten&ahy—pesmg

uﬂaeeeptabl%ﬂslebasedrefkmﬁeeedane%fbased on estimated cancer
risks greater than 15 x 107° for consumptlon of all fish spec1es

Hslebased on an—&eeeedaﬂe%efestlmated cancer I‘lSkS greater than 1*
x 10 for consumptlon of all ﬁsh specres ésmallme&th—b&ss—ee&meﬂ

locahzed and Study Area—w1de basrs
o DDE, was—rdentrﬁed—based on estimated cancer risks greater than
1 x 10°® for consumption of all fish species on a localized and Study

Area wide basis, and was—rden&ﬁed—as—a—eemanﬁuﬂant—petermaﬂy

- {Formatted: Superscript

and—Stud—y—Area—wrdebasas—DBE—a}se—resu#ed—man HQ shght—l—y
greater than 1 at RM-RM 7, ferassumingbased on consumption of

smallmouth bass

o .

Hslebased on an @eeeedaneeefestlmated cancer r1sk greater than lae

x 107 for-based on consumptlon of all fish spe01es {smallmeuthbass

aﬂd-on a locallzed and Study Area—w1de ba51s
0 PDBEs, based on an HQ greater than 1 for consumption of smallmouth

bass and carp on a localized basis.

Based on the magnitude-ef+isk; and the-relative contribution_to the overall risk
estimates-te-risk, and-as well as their frequency of detection, PCBs and
dioxins/furans are considered the primary contributors to risk for fish
consumption scenarios—. Estimated rFherisks fer—from PCBs and dioxins/furans
exeeed-a-eaneerriskofare greater than 1 x_ 10=* or an HQ of 1 for both the
mean-CT and maximumRME expesure-seenariosevaluations fer-at both localized
and Study Area-wide exposures—. Figure-Figure 7--5 illustrates the relative
contribution of individual contaminants to cumulative risk pereentages-estimates
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fefbased on the Studv Area-w1de multl -species ﬁsh consumptlon ef—ﬁsh—ﬂss&eby

anadult subs1stence ﬁshersr—b&sed—ea—S%&dy—Mea—u&é&EP@s—fer—a—Hmki—spee}es
d-l%t— H

| ittt . 1 l' he-pie-cl g ,PCBs

are the primary contributor to the overall risk estimate, and taken together with

fer—ﬁsh—eeﬂsumpﬁeﬂ—aﬂd—dlomns/furans expressed asa TEO &re—a—seeendaiﬂy—ﬂsk

ﬁshee&né&rba%ﬁshe%m&d—fe%beﬂ%whele%edy%d—ﬁﬂe%&%d&e&ﬂgure 7-6

shows the relative contributions to the overall risk estimate based on Tribal fish

onsumptlon —P@Bs—een&tb&teeve@@%%&eevemﬂ—eaﬂeemsk—aﬂd

PCBs and dioxins/furans have been detected in fish tissue collected outside of the
Study Area in both the Willamette and Columbia Rivers. In a risk assessment for
the mid-Willamette (EVS 2000), PCB concentrations were found to result in a
HQ greater than 1 assuming both a 142 g/day and a 17.5 g/day consumption rate,
and an estimated cancer risk greater than 1 x 10™ for the 142 g/day consumption
rate. Dioxins and furans were also found to result in an estimated cancer risk
oreater than 1 x 10™ using a 142 g/day consumption rate (non-cancer endpoints
were not evaluated for dioxins and furans). In the Columbia River Basin Fish
Contaminant Survey (EPA 2002c), the estimated cancer risks associated with
PCBs and dioxins/furans were greater than 1 x 10 assuming a consumption rate
of 142 g/day. and the estimated risk due to PCBs was greater than 1 x 10™
assuming a consumption rate of 7.5 g/day. While ambient concentrations have not
been established for fish tissue, as discussed in Section 6.4.2, regional tissue
concentrations may be associated with unacceptable risks from fish consumption,

especially at higher eonsumptlon rates. fliheeemﬂbtm:ts—ef—baekgretmd
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sl e e e e e s enee e
were-not-evaluatedfor-dioxins-andfurans)— While the concentrations in the Study

Area are higher than the regional tissue concentrations, the sources of PCBs and
dioxins and furans in regional tissue data are unknown, and efforts are underway

to reduce reglonal tissue concentraﬂons—th%egenal—ﬁssu%d—a%a—md—xea%&th&t
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consumption of shellfish-eensumption, based on exceedances-of-the
eumulativeestimated cancer risks ef-greater than 1 x_ 10 or a HQ of 15 inelading

B 5 B 5 5

e PCBs:— Total PCBs and PCB TEQs, wer%iden&ﬁed—%su#ed—iﬂbased on
cancer risk estimates exceeding-greater than 1% x 107" and/or HQs exceeding
greater than 1 for shellfish consumptlon— e PO T e b s e L
cancerrisk estimates-exceeding } x—x 10" and/or HOs exeeeding | for

she b e e e e et e s
eaﬂeeH:isleef—HH_H-OA—aﬂd#er—HQ—ef—l—feﬁ_n beth-localized and Study Area-
wide exposures. PCBs are considered a primary contributor to risk for the
shellfish consumption pathway because of the magnitude-eftherisk

exeeedanees;- and spatial scale of the risk estimates greater than 1 x 10 of the - {Formatted: Superscript

risk-exeeedanees, their therelative contribution to cumulative risk estimates,
and the frequency of detection.

e Dioxins/furans:— Total dioxin/furan TEQs.+esuttedinwereidentified- based
on cancer risk estimates exceeding-greater than 1 x 10~* and/or HQs
exeeeding-greater than 1 for shellfish consumption—DBiexins-and-furans
fes%m%esmm—tha%exeeededa—%ﬂeemskeﬂﬁHHQA&nd#eFHQ
of+Hfor in beth-localized and Study Area-wide exposures. Dioxins are
considered a primary contributor to risk for the shellfish consumption pathway
because of the magnitude and spatial scale of the risk estimates greater than
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1 x 10™*, their relative contribution to cumulative risk estimates, and the
frequency of detectionmagnitude-of therisk-exeeedanees;spatial seale-of the
frequeney-of detection.

Arsenic: St ideni e d Dol et s oot o e
unaceeptablerisk-based on cancer risk estimates that exeeeded-greater than 1
% x 10 for-from beth-clams and crayfish -at both ingestion-consumption
rates; and on a localized and Study Area-wide scale. No cancer risk estimates
exceeded 1= x_ 10‘:4.—.7Th0ugh arsenic was-is identified as a contaminant
potentially posing unacceptable risk on both a localized and Study Area-wide
spatial scale, the-concentrations in shellfish tissue may-are likely be-due in
part to the contribution of nataraly-eeeurring-background concentrations.

cPAHs: Dot don e o oo b ponae
unaeeeptablerisk-based on cancer risk estimates that-exeeededgreater than 1-x

x 107° for-from both clams and crayfish; at both ingestion rates; and on a
locahzed and Study Area-wide scale. Cancer risk estimates greater than

1 x 10™* fortotal cPAHs across-all-exposure-areas-and-exposure-scenarios
ranged-from 2 x x 0= to-5xx 10" and-exceeded + x—x10="for thefrom
clams collected at locations RM-RM 5SW and RM-RM 6W and assuming a
consumption rate of 18 g/day-ingestionrateforclamscolected-atlocations
RM-5W-and-RM-6W-—, cPAHs are considered a primary contributor to risk
for the shellfish consumption pathway at those locations because of the
magnitude of the risk exeeedanees-estimates and their relative contribution to
the cumulative risk.

Pentachlorophenol:— Pentachlorophenol was detected only deteeted-in a single
crayfish composite sample collected near RM-RM 8—. It was not detected in
the remaining ene-eut-0£41-40 shellfish samples;-which-was-a-erayfish
compeosite-sample-coleeted-near RM-8. This ene-single detection of

pentachlorophenol resulted in a cancer risk estimate within the range of 1x
x 107 to 1 x 10—,

Organochlorine pPesticides: Aldrin, dieldrin, total DDD, total DDE, and total
DDT, wer&asseem{eéldenﬂﬁeébased w&%kyeﬂ%e%mereshe}lﬁsh

execeededon an estimated a-cancer risk ef—greater than 1% x_ 10~ or aHQ of 1=
T esticides weren { with-shelfis] . :
t—h&t—F%SH—l—t%d—m—a—eaﬂe%FﬁslG%SGHﬂ-&tm%HHﬁg—4
0 Aldrin, was-identifiedrasacontaminant-potentathy-posing
whaceeptablerisk-based on an estimated cancer risk estimates

abevegreater than 1 x 1078 for ingestion-consumption of clams at
RM-RM 8W and on a Study Area-wide basis, tissuefor-theassuming a
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consumption rate of 18 g/day-ingestionrate-onlyandforonelocation
e T

0 Dieldrin, was-identified-asa-contaminant petentially pesing
unaceeptablerisk-based on an estimated cancer risk estimates
abovegreater than 13 x 1075 for ingestion-consumption of clams near
RM-RM 8W and Study Area-wide, assuming a consumption rate of
tisstefor-the-18 g/day—ingestionrate-onty;andforonctocation{near
B e el

0 Total DDD, -was-identified-based on an estimated cancer risk greater
than 1 x 10°° for consumption of clams near RM-RM 8W and Study

Area- w1de, assurmng a consump_tlon rate of 18 g/dayw&s—}deﬁtlﬁed—&s

Sl
0 Total DDE, was-identified-based on an estimated cancer risk greater
than 1 x 10°° for consumption of clams near RM-RM 6W,

RM-RM 7W, RM-RM 8W and Study Area-wide, assuming a
onsumptlon rate of 18 g/davwas—tdeﬁt-l-ﬁed—as—a—eeﬁ%aimnaﬁ{

0 Total DDT, was-identified-based on an estimated cancer risk greater
than 1 x 10°® for consumption of clams near RM-RM 6W and

RM-RM 7W, assuming a consumptlon rate of 18 g/daywas—tdeﬁt-lﬁed

Based on the magnitude ef+isk;-theand relative contribution to the total risk
estimates, and the frequency of detection, PCBs, dioxins/furans, and cPAHs are
considered the primary contributors to risk for shellfish consumption. PCBs and
dioxins/furans contribute approximately 58% percent and 91 percent, respectively, of
the cumulative cancer risk forfrom consumption of clams eensumption-and
approximately-94%percent-for-crayfish-consumption-for-the-Study-Arca—, Fotal
cPAHs contribute approximately 35% percent and 5 percent, respectively, of the
cumulative cancer risk for-from consumption of clams eensumption-(for(-undepurated
samples)) and appreximately 5%-pereent-forcrayfish-eonsumptionfor-the-Study
Area—. PCBs and dioxins/furans are considered primary contributors to risk on a
Study Area-wide basis—:. and cPAHs are considered primary contributors to risk on a
localized basis (RM-RM 5W and RM-RM 6W)—. PCBs-are-the-primary-contributers
to-risk-and-dioxinsAurans-arc-thesecondary-contributorsto-risktor-shelHish
consumption.

262



Portland Harbor RI/FS

Draft Final Remedial Investigation Report
Appendix F: BHHRA

May 2, 2011

7737.2.3 In-Water Sediment Scenarios

«—
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PAHs (primarily benzo[a]pyrene), arsenic, PCBs, and dioxins The-contaminants-are +.  |at: 031"+ Tabafter: 1"+ Indentat: 1"

identified as contaminants potentially posing unacceptable risk-identified for in-water

sediment-are-PAHs-primarth-benzofalpyrenc)-arsenie PCBs—and-dioxins, PAlls
and dioxins were-are _identified as-contaminants-potentially-posing-unaceeptablerisk
for all of the in-water sediment scenarios, and-arsenic and PCBs were identified as
contaminantspotentially posingunaceeptableriskfor the tribal fisher and high
frequency fisher scenarios only—. The relative contribution of each contaminant to
cumulative cancer risk estimates efthe-contaminantsto-the-cumulative-caneerrisks

varied by river mile—. Ri

scenariosrangedfrom 1 x %10 to2 x x 10~ —_For the-entire Throughout the
Study Area, estimated risks from tetal-cPAHs and dioxins/furans threugh-direet
contact-with-sediment-each contributed approximately 50% percent of the cumulative
cancer risk estimate—. As previously discussed, cumulative cancer risks associated
with arsenic may be due in part to naturally occurring concentrations in baekereund
sedlment%ﬂeemaﬂens— Cumulative cancer risks from PCBs abeve-is greater than
15 x 107 for PCBs-are-associated-with-onlyat four %-one-half mile river segments,
and fer-from dioxins are-asseeiated-with-enlbyat two J4-one-half mile riversegments.
Cumulative cancer risks from cPAHs abeve-are greater than 15 x 107° for PAHs-are
asseeciated-withat twenty-twe22 Y.-one-half mile river segments. Carcinogenic PAHs
are considered the primary contributors to risk eentaminant-for in-water sediment on
a Study Area-wide basis due to the relative magnitude efthe-eumulativeriskand-the

number-and spatial scale of the-risk-exceedancesestimated risks greater than 1 x 10—, -

PCBs and dioxins are considered primary contributors to risk on a localized basis ¢at
RMRM-RM 8.5W {for PCBs} and RM-RM-RM 7W for fdioxins/furans}-—.

7747.2.4 Beach Sediment Scenarios

PAHs (primarily benzo[a]pyrene) and arsenic Fhe-contaminantswere identified as
potentially posing unacceptable risk identifiedforin beach sedlment—&r&%ﬁs
(primarily benzefalpyrene)and-arsenie. Risks above-greater than 15 x 107° resulting
fremassociated with exposure to arsenic in beach sediment are likely due in part to
naturally occurrlng b&ekgfeﬂﬂd-concentratlons of arsenlc }ﬁeheeei}&}baﬁeﬂ—ef

benze(a)pyrene—Risks above-greater than 1 x 1075 resulting-associated with from

exposure to benzo(a)pyrene was limited to a few locations, with the maximum
cumulatlve cancer rlsk asseeiated%fehat beach locatlon 06B025. %%efer%d}feet
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water as a domestic water source, and greater than 1 x 10[° for divers at RM-RM 6W. - {Formatted: Superscript

However, as noted in Section 5.2.8, the estimated risks associated with dermal
exposure to PAHs in water should be used with caution, as PAHs are not within the

Effective Prediction Domain of the model used to estimate the dermally-absorbed
dose. . is-exposure to PAHs in-surface water by divers-at RM-6.0-W. because thisis
+-Hewever;Additional risk management considerations during remedy selection
should consider the limited spatial scale and high-degree of uncertainty associated
with the diver exposure assumptions.
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The identification of the primary contributors to human health risks can help
provide focus to the FS by identifying a smaller number of chemicals and
exposure scenarios that have the largest contribution to overall risk—. To provide
context for the significance of the remedial actions to the protection of human
health, the uncertainties associated with the exposure assumptions and potential
contribution of background sources of contaminants to the Study Area should be
considered when evaluating primary contributors to human health risks dusing-in
the FS.
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